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ABSTRACT

A new variant of the contingent-rspayment loan is proposed for

higher education., The new variant, waich we call “the ?artially

.-Contingent Educational Opportunity Bank plan," is designed to be

very stable (i.e.,, relatively insensitive in overall—operating
characteristics to assﬁ;ptioﬁs about basic parameters) and to
economize on administrative costs, éspecially when aépliéd at the
institutional level rather <han &s a program of the federal governmentl
Under the Partially Contingént EOB plan, -a/student borrower would
;gree,to ;epay his debt over a fixedmperiod after graduation. The

method ¢f repayment would be somewhat like that of a conVentional hcme

"~ mortgage except that coupon repayments would increase each year in

accordancz with expected abiiity to repay rather-than remaining level .

for the entire pericd. There would also be low-incore protection for

borrowers: In each year, the PCEOB borrowér‘would be given the 6Pt;9n
of coupon repéyment (déscribed abové) or payﬁentacontingént upon hfg
income, whichever is to his advaétage; For stability and ease of
‘administration, the well-designed PCEOB plan sets ;he contingency-
reéaymen%-tpx rate suffiéiently high so thﬁt tﬂis Optioni{s seledted
only by those participants with the lowest incomesi In this way, the
PCEOB offers mutualization of the most salient bbrrbwef risksaﬁaile
minimizin; adminisﬁratiié costs and risks to lending institutions:
‘The borrower is given protection from full repsyment wpeh his income
turns out to be very mu;h lessrthan could be anticipated, pgobably
the student's greatest wqrrj about the "albatross" ofg;epayment

commitment. Because most borrowers will elect the noncontingent
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coupon method of repayment, the lending institutions can very accuratsly
predict the stream of annual repayments from any .graduating class. Also;
because few borrowers will elect the contingency option, tﬁe admin{stra-
tive costs to the lending institution of verification of indiviéﬁal

.

borrowers' incomes would be substantially less than in & program where

T &ll incomes had to be verified.

In this report we develop PCEOB;operating peraiméters to be-.
arplied to US Medibal Schools. Given the reguired rete-cf-return, r,
(or break-even interest rate) an? thé.low-{ngome-ccnﬁingency—repéyment—

tax rate, 1, we soive for the required coupon interest retey rc, which

~
determines repayments for borronerg not ﬁlecthg the contlngency

plan the coupon rate of ihterest T is onlva}ightly greater phan the

overall rate of return, r. E.g., in Figure II, if the overall rate of
return, r = 6% and the 1ncome-cont1ngent-repayment—tax rate is .2% per
$1,000 borrowed, then the coupon interést rate, r o? should be set at
6.17%, only .17 percentage pointe higher than r. Thls means that the
borrower who ‘turns out to have hgd high inco;eSSiﬁféacﬁm;ébéyhehtf‘
year, and therefore has never electe@ the contingency optioh, iays an

atditional .1T% in interest rate in order to offset " osses" from the

s

low-income borrcwers, If we 11ke, the addltlonal .17 percentage p01nts
in interest rate could be'thought of as the borrower's insurance
premium ~ insurance against his ﬁaving income substantially below the
avefage expected income of his graduating class. (The only difference
between thé terms of this insurance and more conventional insura;ce
policies is that in this case the."premium" is paid by those who hawe

avoided the risk and to some extent only after the insurance period is

over. )
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. A widespread worry about the stability of any contingent repﬁyment
loan scheme centers on the,qneStion of adverse-self selection by
Qérrowers; The problem that students with poor income prospects might
participate in-the program with greater frequency than students with

- ~good income-prospects. We do not see this as a protiem for the:PCéOB
with a coupon rate of interest which is attractive compared to other
interest ratés facing the borrgﬁer.' Nonetheless, we have tested the
A—effect of va¥ious (rather extreme) adyérsé self;éelection scenarios on
the PCEOB. (gee, €.8., Figures III and IV, pagés 45 and 46.) If
advgrSe self selection is anticipated by the iend;;g'institution then

the coupon rate, T mnst?ﬁé“high;r tHan without adverse selection in

order to achieve the same overall rate of return, r. r, is relatively
{néénsitive to adverée selection scenario, see Figure III where at

_expécted income growth rate of 4% even the most extreme anticipated

adverse selection (no participants with above median income!) does not
o t:ﬁﬁ%increase r, by asrmnchias a percentage point.. from Figure IV we see
' éhat £he plan is also relaéivély insensitive to unanticipated advefse
éelection. If the lender is expecting a return of 6% (at income growth
- rate of ﬁ;) then even the most extreme adverse selection scenario will
yield an overall rate of return, r, greater %han)S 1/2%. The PCEOB is
also stable with respect to assumptions about income growth rates 7

(Figures III and IV) but when poor income growth rate forecasting is

combined with a very extreme adverse selection scenario, the unanticipated
" shortfall in overall rate of return could nearly reach two percentage

points.




]

The partially-contingent (PCEOB) is compared to two other EOB °
variants: L) The "fully contingent" varian£ (essentially the
She.l-Zacharias version) and (2) the "semi-conventional” variant (the
PCEOB without the contingency option). The fully contingent plan offers
the greatest mutualization of risk to the borrover’vhile imposing the

rd

mcst administrative cost on the lender since qll borrower incomes are

- subJect to verification. 1In pracfice, the fully contingent plan seems

t0 be only slightly less stable in the face of adverse selecfion than

the partially contingent- plan. The semi-conventional plan is studied

as a benchmark. It is the easiest progrem to administer, the most stable -

-and offers no mutualization of borrower risk, all because there is no
proyision for income~contingent repayment.
l&briéi theoretical section réiates the particular applied problem -

-

to the pure theory of optimal adverre risk selection, a problem in

‘,control and decision-making under uncertainty. Also included is

[

reference to administrative and transactions cosfs in the theory of

equilibrium,

Our basic computer programs are catalogued in several appendices. -

One appendix attempts to survey the recent (and very rapidly unfolding)

' experience with pilot-project contingent repayment loan schemes in

- American higher education. . -

[..?avl.-.*,é
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INTRODUCTION

We have designed a new variant of the education loan in which repa&—
ments are contingent on the borrower's lifetime incéme stream. We call
this variant Ythe partially contingent Educational Opportunity Bank plan,"
It has three important properties: (1) relative stability (or insensi-
tivity) of the rate-of-return to assumptions about underlying parameters,
(2) relative ease and economy of administration on a smaller-scale or -
pilot-project basis, while (3) offering much of the income insurance
and.psychological protection for borrowers provided by earlier EOB
proposals. Most noteworthy is the strong stability of the partially
contingent program to assumptions about adnerse self-selection hy EOB

_participants. We compare the partially contingent variant to two other
variants: (1) the "semi-conventional variant," which economizes most

on administration costs and is most stable but provides the least insur-
ance for participants, and (2) the "fully contipgent variant,” which-

provides the most insurance for participants, but is least economical

to administer and is the least stable, (i.e., the most sensitive to

* assumptions about‘nnderlying parameters. )
The Educat1ona1 Opportunity "Bank proposal*has been a subject of

1ntens1ve debate within American higher education ever since the 1967

reléase of the Report of the Panel on Educat1onal Innovation [3]. Two

- National Tax Jonrnal articles, Shell et. al, [11] in 1968 and Shell [10]

in 1970, attempted to sharpen the basis for debate over fundamental
issues in-higher education finance by providing detailed economic analyses
~of and "hard numbers" for the Ed Op Bank proposal.
The general Ed Op Bank concept that students have the opportunity
to contract for educational loans which may be repaid over relatively

long periods, contingent upon the borrower's lifetime income streeam, has




bv nov become a reality on some university campuses.l Financial-
pressure has forced educational institutions to set up their own pilot-
project Zd Op Banks.

B& contrast, the original proposals had envisioned a federally
operated Ed Op Bank which would coordinate its activities with the
Internal Reévenue Service. Coordination with the IRS would make the
contingent-repayment featuretrelativély easy to enforce since the IRS
wogld yaVe income tax returns at its disposal for crosscheckiné. Indeed,
it was suggested that® Ed Op repayments be collected by the IRS in con-

Junction with the collection of personal income taxes.3 It was argued, -

therefore, that economic transactions costs - including costs of collec-

tion and enforcement - would be relatively small fb; the nationally

operated Ed Op Bank.

On the other hand, there is no reason to expect transactions costs
necessarily to be small for independently operated or pilot-project
cﬁntihgent-repayment loan schemes. In these cases, "true coiI;;" of
IRS Form 1040 are not availaﬂie for confirmations of the incomes on

which reﬁayﬂentsrwill:be based.h If the borrower's statemeﬁt of income

is not to be taken on face value, costly igvéétigation and perhaps legal -

) fees must be incurred by the scheme. Furthermore, independent mailings

1 o . i . )
See Appendix -D for a brief survey and history of implementations and
attempted implementations of income contingent loan repayment plans for
higher education. ’ -

”

See, Shell et. al, [11].
3 -

The thought was that Form 1040 could accomodate the col}ectioh of Ed Op*
.repayments after adding a few extra lines.

It has come to our attention that participants ‘n Yale's Deferred Tuition Plan
give Yale the right of receiving true 1040 copiés from the IRS. The IRSwuld -
charge Yale for each investigation. This is obviously a costly procedure but is
perhaps less costly than we seem to imply in the text, -




and record-keeping are costly to the lending institution. If the rela-
tively small scale contingent loan scheme is looked upon ae a test or
pilot project pointing toward the possibility of uliimately adopting

the principle on national scale, then a étrong case can be made for
"outside" support of administrative, research, and those transactions
costs expected to disappear when the schemes "go national" and coordinate
with the Internal Revenue Service.

administrative, research, and transactions (colléction and enforcement)

costs in pilot-project contingent-repayment loan schemes is a proper

r8le for the federal government and private philanthropy.

The federal governient and private philanthropy have so far been

reluctant to provide.such support. It is essential, therefore, that

‘the Ed Op Bank be redesigned for smaller-scale application with a view

-

to substantially reducing transactions costs.

We present in this ﬁaper'a variant of the Ed Op Bank which we call
the "partially contingent" scheme.1 If éhe operating parameters of this'
veriant are chosen eorrecfly} only a smai1~pércentage*(bétween, say,

_10% and 30%) of participants are expected to elect repayment contingent -

upnon income. For this reason, enforcement costs and Fisk to the smaller-

scale-lending institution can be substantially reduced. In designing the

Mpartially coﬁtingent"nprogram, we retain attractive features of the

original (or "fully contingent") EOB scheme: (1) The long repayment

~ period (of, say, 20 or 30 or more years) is an- essential part. (We

‘even consider the new feature of an after-graduetion grace period.a) {

1Aft.er completing this study, it has come to our attention that the Ford Founde-
tion PAYE group has proposed a somevhat similar plan.which they call their
"hybrid" plan. See Pay-As-You-Earn, Ford Foundation Studies’in Income Contingent
Loans for Higher Education: Ourmary Report and Recommendations, New York, 1972.i
Also the forthcoming New Pafierns for College Lending: Income Contingent Loans by
D. Bruce Johnstone assisted by S. P. Dresch, Columbia University Press.
2
We understand that Duke University offers a repayment grace period in the terms
of their current tuition postponement plan.
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| (2) Expected repayment increases through time for each borrowing cohort.

(3) Insurance against low future income for any participant is retained,
but in a simpler form. Only those participants who fall into what is

- expected to be the lowest few income deciles of - * ‘rowing cohort

will base their repayments on income. All others pay a prearranged

"coupon rate" per $1,000 borrowed. Unlike the conventional mortgage

T
]

repayment, coupon repayments are not equal over the life of the loan
" but instead increase at an exponential rate to accomodate the typical

borrower's "ability to pay."

1

Our "partially contingeht" variant
follows. Its operating characteristics
those of the "fully contingent" variant
studied by Shell et. al. [11] and Shell

conventional" variant - esséntially the

is precisely defined in what
are studied and compared to

- egsentially the:schemes

[10] and what we call a "semi-

"partially contingent" variant

without the income contingent ﬁrbvision but with the long repaymert
period and exponentially increasing repayments geared to expected
ability to repay. B
The "stability" properties of an EOB scheme are of great importance..
Any.lender, including the federal government, must be conqerned with the‘
robustness of expeéted rate-of-réturn to assumptions about growth—of—
incomes, adverse selection of participants}‘and so forth, For a variety
of reasons, "stability" considerations seem to be more important for the

smaller-scale EOB than for the federal EOB: (1) The smaller-scale EOB

must be more adverse to financial risk than would a federal EOB because

of its relatively small financial base. (2) Because it must support

relatively greater administrative and transaction costs and-because it

1
There is said to be adverse selection of participants when-the average income

prospects of participants is poorer than that of the college class as awole.
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nust borrow money at higher interest rates than the federal government,
'’ smeller-scale EOB will probably seek a higher gress rate-of-return
wuan [ 3'envisioned for the national EOB. This, in turn, accentuates
the problem of adverse self-selection by participants in the smaller-~
scale EOB.

Qur partially-contingent variant is very robust to assumptions

about underlying parameters, especially to assumptions about adverse

self-selection by participants. This is another reason why the partially

cOnt%pggnt variant should be especially attractive to the smaller-scale
EOB. Since stability is a}s; important for .the national EOB (but not

és vital as it is for the smaller-scale EOB), the partially-contingent
variant may also prove to be attractive for any federally-sponsored

1
program. o

Our calculations are based on United States medicél school data,
At the time we began this study, it seemed to us that we might find our
first practical EOB applications in this area.? In retrospect, this
choicélappears less than ideal since medical schools as a group now seem

to be more resistant to EOB proposals than the other professional schools

3 .
Shell [10] shows that the fully contingent EOB has a stable rate-of-
return with respect to what seems to us to be quite .extreme assumptions
about adverse self-selection of participants. Nonetheless, Hartman '5]
and Nerlove [8] express nervousness about the adverse-self-selection
problem. Perhaps they will find our partially-contingent variant so
stablzs that adverse self-selection will no longer be considered an issue.
In what follows, we clarify aspects of the adverse self-selection probvlem
for it, per se, does not entail problems, but coupled with poor income
forecastiag, it could. '

5 .
See Shell [9] and Shell [10].

i
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and even some undergraduate colleges. Tis study stands as a possible
guide to medical schools should they turn to this option. More impor-
tantly, we hope this study will be of general use in higher education
finance;1 only the data are specific to the medical school case.2

We conclude our analysis by reiating our underlying and basic

problem; the design of an optimal Educational Opportunity Bank, to the
< récent theoretical literature on optimal adverse risk selection; see,
e.g., Akerlof [1] and Arrow [2], optimal income taxation; see, e.g.

James Mirrlees [7] and Eytan Sheshinski [12], and economic equilibrium'

Rl

with transactions costs, see, e.g., Foley [4] and Heller [6]. It turns
out that the concepts needed for our purposes are just those touched
upon by Kenneth Arrow [2]. in his remarks on the new theory of optimal

adverse-risk selection.

I. ‘The Three EOB Variants

We consider and cﬁmpare three related loan repayment schemes: a
"gemi-conventional" plan, a "fully contingent" plan, and a "partially
contingent" plan. In all cases, loans are made in the same way;"qnly

o~

the way in which loans are repaid distinguishes one plan from the others.

1 .

This study is part of a larger report being prepared for the U.S.
Department of Health, Education, and Welfare. The larger report will
tabulate all our basic computer programs. Users can test their own
data on these programs, When available, the larger report can be
obtained by writing to Professor Karl hell, Department of Econonmics,
University of Pennsylvania, Philadelphia, Pa. 1910k, .

2 L .
However, recent developments among medical schools such as that of
the University of Pennsylvania suggest that.state legislatures are
increasingly unwilling to finance the education of MD's who do not
practice in the state in which the university is located. Hence, the
‘proposal seems to have as much & priori appeal as ever. See also
Appendix D for a summary of proposals.
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Loans are extended to all participants at the beginning of each medical
school year. Graduates borrow in each of the four years of medical
education, while those who drop out only borrow during their actual
enrollment years., (Assumed to equal 2 years) For all participants, interest
accrual begins immediately and continues throughout medical school and the
ensuing repayment period.

We distinguish borrowers by three classifications in each "cohort,"
or ehtering ciass: income decile, educational achievement {medical-
school graduate or dropout), and age (25-6l years). This is tﬁé DEA
nomenclature of the undergraduate,prégram (see Shell et. al. [11]).

Thus, marital status and sex are not elements considered in the present

study even tlLough the incomes of female physicians are relatively low,

However, we examine the returns of all physicians, in the aggregate,
since at least at present female mediéal students are few in number and,
most importantly, since female MD's can be assumed to pursue more or
léss full-time careers.

Since the medical student's income is likely to be low for a few
years after graduation, when he is in the military or in internship, we
vafy the year in which the repayment period begins. In our computations,
we considered at least three alternatives:

(a) repayment begins one year after graduation (at the end

" of the first year out of medical school; this adds one year's
accumulated interest - no érace period);

(v) r£;£§megt begins three yeaisdafter graduation (éwo-yearrgrace

period); . |

and (c) repayment begins five years after graduation (four-yeer

grace period).
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Ine required parameters for a‘proéram utilizing the two~year grace pericd
ilie midway between those of programs with no grace period and those with

a four year grace period, and thus simulation results for that alternative
are presented below only to illustrate aspects of the partially contingent

variant.

A, The Semi-Conventional Variant

In this variant there is no income contingency provision., Thus,
while no insurance is provided the student borrower, the lender is only
exposed to risks from default and - if the lender has borrowed short-term

to finance the loan portfolio- - risk of .ihcreases in- the short-term

" interest ra.t.e.1 The borrower is required to repay his loan plus interest

over a given period of time. The semi-conventional loan is thus likea
conventional home mortgage, but the repayments stream is not necessarily
level during the repayment period. Indégd, in the examples studied here
repayments grow at an exponential rate roughly’ equal to the expected -
average rate of growth of income for the borrower's cohort, or medical
school class. . 7

Our major purpose in examining the semi-conventional repayment
scheme is to compare and contrast its terms with those of the other two
plans, Notice, however, that its“repayggnt terms are in éome ways mors
favorable to the borrower than existing loan opportunities, Its terms

differ from a commercial bank loan in the following ways:

1
Yale is currently borrowing on a very short term basis‘-wsemiannually-
to finance its "Postponed-Tuition" loan program.

4
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- the borrower gets a longer repayment period (twenty to thirty

years after graduation) than currently available from commercial
sources (five to ten years after graduation);

- the borrower has the option of a "grace period," i.e., delay
after graduation before beginning repayments;

- the borrower's repayments will grow over time roughly in accord
with his expected inqgméfgrowth rather than being maintained gt

a constant amount.

The first feature makes this repayment scheme closer to that of a home
mortgage loan than to a normal bank loan, while the third feature allows
trepayments to grow roughly with average cohort’incomés, reflecting

éxpected ability to pay.

B. The Fully Contingent Programs
Under the "fully contingent plan," the borrower agrees to pay in

each- of the years of the stated repayment period a fixed fraction of

his income in that year.' To lessen the impact of adverse self-selection,
-an oét-out provision is included in the fully contingent plan: no
borrower will evér repay mo¥e than principal plus interest calculated
~at the annual rate R, the opt-out interest ra.t.e'}’2 The plan analyzed
here and applied to medical education is the same as that described in
detail and applied to undergraduate education by Shell et. al. (11]

save for: (1) inclusion in this sthdy of a grace peria% in wﬁich
repayment-taxes are not collected, and (2) equal treetment in this stﬁdy

regardless of sex or martial status, while the undergraduate study

1
- Making "fully contingent" something of a misnomer.
2

Adverse self-selection occurs when those with poorer income prospects change .
to participate more frequently than the members of the class with higher
income prospects.




provided for special tax-repayment treatment for married women, It has
been shown in Shell [10] and replicated in this study's results that
the fully contingent plan, with the opt-out provision, generates a rate
of return-which is quite insensitive to unanticipated adverse self-

selection.

C. The Partially Contingent Program

The partially ~ontingent program, which can be thought of as the
result of merging features of the semi~conventional plan with features‘
of the fully contingent plan, will be the focus of much of our analytic
and empirical investigation. The partially contingent scheme allows
each borrower, at the end of each (annual) repayment period, to elect
one:of two alternative repayments: Tt multiplied by his current income
Y, (1Y, ),or the "coupon" from a semi-conventional loan repayment
schedule. (Both T and the "coupon" are set for a $1,000 -loan; larger
loans increase T and the "coupon" proportionately.) We expect that
low-income earners will choose the former, and that those in higher ]
deciles will opt for the coupon, so that the 10 physician's repaymen£
(per thousand dollars borrowed) iq period t, Pi, may be represented by
1,2 In

Pt = min (TY:,-Ct), vhere C, is the coupon repayment in period t.

this program, T must be set subsfantiaily higher than that of a fully

1 . -
This is a conservative assumption, Documentation would be re¢ﬁired

for contingent repayment, To avoid the effort of documentatiimy an MD
. R {
close to the margin (where TYi = C,) could be expected to choose coupon

repayment even though TY% < Qt.
2

To protect against possible ambiguities, we will follow the convention
that year of repayment, t , will always be relative to the beginning of
the repayment period itself (after the borrowing period and grace period.)
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contingent scheme earning a comparable rate of return to guarantee that
the income~contingent repayment option will be elected only by those
participants falling in the lowest few income deciles.

why is "low contingency" desirable? The.coupon progrem is very

éimple to administer, whereas tax repayments require both verification

of income tax returns and individuslized computation of tax. Hence, the fver

-

participanté who elect the income contingency option, the lower the

resultant administrative costs will be. Among partially gontingent

plans yielding the same overall rate of return r, the required rate. of

interest r, of the coupon schedule is inversely related to the repayment

tax rate T. Decreasing T decreases the dollar repayments for individuals .

electing the income contingency option and thus increases the frequency

of election of this option. Therefore, if 1t is decreased, ceteris paribus,

then rc must be increased sufficiently to offset the loss of revenue from
lower individual repayments under the contingency option and from increased
frequency of election of this contingency option which allows the par-
ticipaﬁt to make a smaller payment than is required by the coupon option,
As rc approaches r (frqm ;bove), T mgst become very large to choke off
election of the contingency option, It isinfeasible to set the coupon
rate of return below the overall rate of return (rc <7T) .

On the other hand, if t is relatively large, then r, will be rela-
tively insensitive to a change in T because of the low frequency of
election of the contingency option. In designing the "optimal" partially
contingent scheme, the overall réquired:rate of reéﬁrn, r, can be thought

of as exogenously given by, say, thé lending institution's cost of

capital. There is a set of T and r, that are compatible with the given r.
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Among thess feasible (71, rc) pairs, the policy-maker will choose t to

‘e e afficiently large so as to limit expgcted frequency of election of
the contingeﬁcy option to a manageable level from the point of view of
the lender's costs of administration, ‘Since when t is high fewer elect
the contingency option, high t's tend to makeJZhé—brogram relatively
insensitive to unanticipated changés in structure, e.g., changes in the
rate of growth of incomes or changes in the pattern of adverse self-

selection. However, the higher T, other things being equal, the less

income insurance is afforded participants. This then is the trade-oil

for the policy-maker: the higher t,the greater the stability and ease

of administration,but the lower the income insurance protection afforded

&

It is our feeling that a well-designed program has the following
approximate characteristicsirjﬂl) t is sufficiently high so that only
the lowest few deciles (say the lowest two or three deciles) elect the
income contingency option on anything like a regular basis and thus (2)
the coupon rate is not very much greater than the overall rate of return.

In practice, we focus on programs in which the difference, r,-r, is.

roughly between 1/10% and 1%. Such programs, it seems to us, provide

much of the most desirable: income insurance protection provided by the -

less stable and more costly-to-administer ful;xﬁcontihgent plan,

In judging whether or not a repayment commitment can be an "albatross

around his neck," the potential borrower is most likely to focus on what

would happen to him in very low income situations. This may be especially

the case for the borrower from a low-income family, Such a borrower may

be unfamiliar with the high incomes available to members of his profession

and may be particularly naive about financial arithmetic and the "miracle

-
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of compound interest" as it applies to expected income growth. It seems

t6 us wnayu insurance of the form "you need never pay more than 1 per

———— aeanen

cent of your income for each thousand dollars borrowed" should provide

very strong psychological assurance to potentiél borrowers.1

II., Calculations

4. Semi-conventional loans

The most important single parameter for the semi-conventional
program is the interest }ate or rate of return, r. Since this program
allows no income contingency, r can be also thought of as the coupon

rate of interest, the overall rate of return, and the opt-out interest

rate, since all these rates are the same in this simple program. The
semi-conventional loan ié fully described by specification of the
parameters: r, T, t, and Y. T is the length of the repayment period,
t is the length of the grace géﬁiﬁé}aftgr graduation iq which repayments
are not made, and y is the prg§£écified constant annual rate of increase
~ in repayments. S

For example, when T = 25 years, t = 0, v = 10%, and r = 6%, the
starting repayment per $1,000 borrowed would be $31.56. The effects
of the grace period are substantial, since interest accumulgte; con-
tinually. When t = b years, the initial paymentirises to $40.57. In
both cases, this star@ing paymént and the remainder of the repayment

stream are like coupons in a booklet for a mortgage loan - except each

1
We are aware that important questions of psychological fact are involved

here. We urge study of these questions. At this time we put forward our
strong a priori beliefs about the role of risk aversion in the student-
loan participation decision. } ,
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» wyment is larger than the one precediwz, Tc illusirate the effects
¢ 't i, vapayments, we drop vy %o rzero - all pavments are thus equal.

For the above two grace period variants, ceteris paribus, when y = 0%,

the respective starting (and all succeeding) repayments are $92.73 and
$118.54, Over 25 years, the MD would pay over $600 extra in interest
for the privilege of a four year grace period, per $1,000 borrowed, when
211 payments are equal (y = 0), To compare these repayment schedules
with repayment terms more generally available today, if the repayment
period (T) were shortened to ten years, withy = 0, t = 0, and r = 6%,
repayments would be $158.96 per year per $1,000 borrowed.
Tables I(a) through I(d) present the cash:flows resulting from these
four parameter combinations in the semi-conventional repayment plan.
The parameters which are operative in each plan are outlined above the
cash flow table, all parameters being held constant except the starting
payment, which is solved for by an iterative process. These cash flows
also illustrate our basic experimental design:
a. 100 borrowers (91 graduates and 9 dropouts)
b. $250 loan per year for each borrower
c. Graduates borrow 4 years, dropouts borrow 2 years
d. Mortalify considerations - see Appendix B (note slight decrease
in dropouts' repayments from 1976 to 1977 and continual
decrease in repayments for grads and dropouts from 1978
on - in the equal repayments design, y = 0%)
e. Repayment period (if no grace period) begins immediately after
year of graduation or of dropping out (thus drop-outs start and

end repayments two years before graduates)
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It is instructive to note.the starting payment and maximum outstand-
ing debt in each of these four programs for the above group of 100 oborrowers

entering medical school in the year 19Tkh:

Max Outs Debt (Year)

t T X Starting Payment In Thousands’ of Dollars
0 25 0% 92.73 © 110 (1977)
N 25 0% 118,54 136 (1982)
0 25 10% 31.56 138  (1988)
L 25 10% 40.57 17h  (1992)

Of course, equal repayments (and thus high starting payment) with no
grace period réquire the least outstanding debt, as bank receipts begin
reduction of principal immediately after graduation (1977). It must be
stressed that all four programs yield a 6% return over the 25-year

repayment period, only the timing of repayments (and thus .the interest

charges) differ,

B. Fully Contingent Program

The results of our tax and interest rate calculations for the fully
contingent scheme are presented in Tables III and IV. The fully con-
tingent program is precisely described by thé perameters t, z, R,

r, T and t, where 1 is the repayment tax rate per $1,000 borrowed, g is
the growth rate of incomes assumed for the borrowing cohort, R is the
opt-out rate of interest at which a borrower may exit from the program

before T years have elapsed, and the other parameters are the same as

iin the semi-conventional variant, Given a desired (r, R) pair; 1t 1s

the single most important decision parameter, and it is the one for

vhich we solve, given the others (Naturally g is not a policy parameter,

but it is nonetheless an exogenous parameter of the program).
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The annual payment made prior to opting out in year X of the repay-

ment period for a borrower in the ith income decile (per $1,000 borrowed

1

at the end of medical school), Pi ,~ will be TYi . Hence, outstanding

debt of such an individual in year TJ in thousand dollars calculated. at

the opt~out rate R 1is equal to
~. o=T

Bl - 7§ J

6=1

-(06+t)

(1 + R) Blryl = B*i(TJ)

vhere T* < T{ «T, Ti is the opt-out year, and Bl in the graduation debt

ti

in thousands of dollars of individual i « In the opt-out year, Ti ,

R N3 .
Bl (75) < 0, while p*i (TJ) >0 for Ty <T; . Inyear T; payments

are reduced so that the equality B*i(Ti) = 0 holds. If Ti < T , this
individual opts out, and if T; > T , he does not. Actually, interest must

be paid on the first year's loan during the four years in medical school,

on the second year's loan for the next three years, and so on, it being
a;saﬁed that the loan is evenly distributed over four years of medical school,
so that

. L
Bl =250 Bi[ ] (1+R)J],
J=1

where Bi is the number of thousands of dollars actually borrowed exclusive
of interest accumulated during medical school.

Medical school drop-outs (assumed to leave school after their second
year and enter repayment'period immedia.t.ely)2 must "solve for" T; , their
opt-out year, such that
-(6+t)

Wl clest ] tam T v

.2
250 B[ )
= =1

=1

1

See Page 11 for explanation of Px notation.

2

This differs from the undergraduate proposal in Shell, et. al., Op. cit.

in which all members of the cohort pay back over the same period. Here &op-
outs begin and end their loan repayment period two years before the graduates.
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Then if T; < T the payment required from ith the decile borrowers

in their opt-out year, Ti , is:
. T +t (Ti’l) .
pi=(1+4p) 1 [pti . ] pt (14R)-(0+t)] ,
E o=1 ©

and obviously P; = 0 when x > Ti (or x> T), since the loan is paid off.
{See Appendix C for the cash-flow algorithm actually used in solving for

the desired variables.)

In our computations, the breakeven interest rate (r) is set at 6%,
tne opt-out rate (R) is stipulated to be 8%, and we vary the length
of the grace period (t), the expected growth rate of incomes after
1974 (g), and the possibilities of adverse self-selection unéer,several
scenarios. Table II enumerates seven possible ﬁarticipation scenarios,
ranging from 100% in all deciles, to partial participation by only the
lower five deciles, We do not expect much adverse selection, but
anything can happen, as critics of such plans suggest (cf. Nerlove [8]
and Hartman [5]). Further, adverse selection may be "unanticipated."
We recognizeithis possibility and test the strength of the programs to
these very extreme scenarios, using the rate of return as a criterion,
Testing for "unanticipated" adverse self~-selection is done only for
the partially contingent program. We may infer, however, from our
exercises with "anticipated" adverse selection with the fully contingent
plan, that the rate of return will behave analogously to thgt in the

exercises in Shell [10]; the two plans are not dissimilar,
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Table II

Adverse Self-Selection Scenarios

Scenario No. ) % Decile participating in the program

Decile

1 2 3 N 5 6 7 8 9

10

00 95 90 85 80 75 T0O 65 60
100 90 80 T0 60 S0 Lo 30 20
100 90° 80 TO0 55 45 30 15 0
100 90 80 TO0O 45 30 15 0 0
100 90 80 60 Lo 20 0 0 0
100 80 60 U0 10 0 0 0 0

- O\ W

100 100 100 100 100 100 100 100 100 100

25
10

0
0
0
0

-30-

a
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Our income data are more limited in scope than we would like (see
Agpendix A for derivation of income data). They do not indicate pre-
cisely at what age the largest jump in income occurs; however, in 1959,

s
for MD's thirteen §eﬁrs after graduation, mean income was of the order
2.6 times that of those physicians out of school three years. (See
Appendix Table A-1l). Thus, allowing repayment to begin five years after-
graduation yields about a 20% drop in the magnitude of the tax rates .re=

quired to enable the Bank to break even, cet.par.

The computational results in Table III for the fully contingent
program emphasize the high returns to medical education as well as the
relative stability to adverse selection of this variant. A physician
entering medical school in 197k Qould, if required to pay his loan
back over’twenty years starting one year from graduation day, pay Ed—Op‘
repayment taxes at the rate of T = .17% per $1,000 borrowed. (See
Part 3, Table III.) If T = 30 years, t drops to .10%, as compared with

a .59% rate for the same undergraduate cohort, with similar assumptions

(Shel1, et. al., Table IV.15, p. 25). As mentioned aﬁbve, the post-~

ponement of the repayment period's initial year substantially reduces
the tax rate. For example, for T = 20, 5oosting t to b drops T by
20% (.167% versus .132%), and when T = 30, T drops by 11% (.100%
versus .089%).

Given these parameters, the program is so attractive that only
the top three deciles opt-out prior to the normal terminal year, T.
Table IV presents the opt-out years (relative to T) for each of the
four scenarios above, plus those for T = 25 years. The opt-out year

for the 10th decile for t = 0, T = 20, occurs half-way through the

repayment period, a fact which depends explicitly on the high average
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income we assume for that decile relativg to ;ﬁe others, since given
the assumed Pareto distribution, the top five percent of physicians
earn nearly 50% more than the top 15 percent on the average (see Table A-U
in Appendix A). Hence, we expect that these physicians would be break-
ing even on their investment in medical education, even at 8%, in a
short time period.

As can be seen from Part 4 of Table III, boosting the required rate
of return to the bank to 8% and the opt-out rate commensurately to 10%

-

raises the repayment tax rate, 1 , by slightly more than the same perceht-

‘age amount; i.e., the elasticity of 1 with respect to the r , setting R

by R-r = 2%, is greater than one and positive. Using the midpoint ARC

elasticity:
ET - (rl*re)/e A.L = r1+r2\ =11
Er| R-r=2% 11+12)/2 Ar Tl+12/ ry-ry

This is because, with the higher opt-out rate, R , rich MD's cannot opt-
out so quickly, thus accruing more interest to pay off in the form of a
higher per-year (higher 1) payment, while delay of the opt-out dates
through increasing pre-opt-out mortality shifts a greater burden of re-
payment onto the survivors. T

Figure I depicts the relationship between r and Tt , when R = 8%.

The opt-out rate is an asymptote for r = £(t1), and of course, as 1+0, r+=o,

The cash flow outlined in Table V (D) shows the total repayment stream

( Z Z' Px) for all borrowers participating ‘n a fully contingent
i=1 X=1

program with parameters similar to those of the semi-conventional
plan represented in Table I (d): t =4, T =25, r = 6%. The total re-
payments in this fully contingent program are larger than those of the

comparable semi~conventional scheme in years 19841996, but drop off

* See Page 11 for explanation of Pi notation.
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Figure I

Fully Contingent Program: Rate of Return, r, as a Function
Tax Rate, 1, for the Fully Contingent Program with:

Opt-out Rate, R, = 8%
Grace Period, t = O years
- Repayment Period, T = 25 years
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TABLE III
Fully Contingent Program:

Repayment tax rate, per thousand dollars borrowed, when the rate of
return (r) = 6%, the opt-out rate (R) = 8%, repayments begin t years
(varied) after graduatlon and the repayment period (T) = 25 years,
and g is the assumed rate of growth of physicians' inccmes after
1974, for & class entering in 197k,

1. t = 0 (no grace period): t (per cent/$1,000 borrowed)

Adverse self-gselection

Scenario No. e = 5% g =4t g =23% g = 2%
. 1% 1223%  .1461%  .1Th1% .2041%
2 .1269 .1513 .1803 .21hk

3 1347 L1604 .1905 .2258

N .1388 .1650 1957 2317

5 .1k22 .1690 .2003 .2368

6 L1443 171k .2031 .2399

T <1k6k 1735 .2051 .2k16

2, t =14 (4 year grace period)

Scenario No. g = 5% g =4 g =23% g = 2%
1* .1045% .1276%  .1552% .1884%

2 .1093 .1331 L1617 .1958

3 L1167 17 LTLT .2073

L .1208 .1466 LTTh .2139

5 .12k40 .150k4 .1818 .2190

6 .1259 .1525 .18L42 2217

T .1270 L1545 .1862 .2234

* scenario #1 represents full participation - no adverse self-selection.

-3k
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|

| T t s
20 0 .1673%
20 I .1323
30 0 .1000
30 L .0889

3., 1 for varying (t,T7) with no adverse self-selection and g=5% (r=6%, R=8%)

W

—

4, 1 for varying (t,T) with no adverse self-selection and g=5% (r=8%, R=10%)

T t x
20 0 .2259%
20 N .1864
25 0 .1723
25 L .1537
30 0 L1457
30 N 1357




TABLE IV

. Fully Contingent Program:

Opt-out years by income decile, expressed as years after the repayment
period pegins,

rogram 9th lOth

, T=20 17 11
, T=20 18 12
s 1=25 21 14
, T=25 18 15
, T=30 26 22
, T=30 29 - 18

0
L
0
L
0
L

*Eighth decile does not repay principal plus eight per cent interest
in less than T years. )

Parameters correspond to those in Table III; Part 3 (r=6%, R=8%,
g=5%, no adverse selection).
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sharply in 1997 and then again in 2005, This may be explained by noting
the exercise of the opt-out feature by deciles nine and ten (decile

ten opts-out in 1996, 15 years after his initial payment; decile five opts-
out in 2004, 23 years after his initial payment.) Looking to Tables II
(b), (c) and (d), one sees how the incidence of the repayment burden

is distributed over three representative deciles:

one, five and ten, The largest d'fference, of course, is between

deciles five and ten, as the highest-income graduates make relatively large
repayments until their opt-out year, 1996. The last four payments made

by this decile ten borrower represent his subsidization of deciles

one through nine (note that he had almost repaid his loan, at 6%,

in 1992,) This pattern holds over all of our sample fully-contingent
repayment schemes: High payments by the upper two or three deciles

. serve to reduce the debt rapidly in the early years of the cohort

repayment period and thus lessen interest accrual and the repayment

burden of the lower income deciles.

C. Partially Contingent Plan

To describe the partially contingent variant we add a new
parameter to and delete an old one from the parameters of the fally
contingent scheme, .The coupon rate (the new parameter), T, is the
interest rate implied by the coupon repayment schedule which consti-
tutes one of the two options available to the MD'each year, To
determine rc, and thus the payments schedule, (which grows at y per cent per
annum, as in the semi-conventional variant), we must set T, the length

of time over which all borrowers are obligated to meke repayments, T,

the repayment tax rate per $1,000 borrowed, and t, the grace perlod,
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and we must make an assumption about g, the rate of growth of MD's
incomes. The coupon payment option replaces the opt-out feature,
and R is therefore not included in the parameter list of the partially
contingent scheme. If we specify a rate of return, r, and all other
parameters except 1 and r.s we may solve equali; well for eilther 7
Or r ., given the other. In practice, we set T and solve for T, so
that we may retain t's which are comparable to those tegted in the
fully contingent variant.

Perhaps the borrowing MD's repayment choice may best be illustrated
by presentation of the following specimen form letter, Figure II,

which might be sent as his annual bill.

As mentioned above, P;, the payment made by a doctor in the ith
income decile in year t following graduation, is min (TYi, Ct)s per
thousand dollars borrowed. Borrowings, Bi , inclusive of accumulated
interest during medical school remain the same as above; i.e.

~ i )4 J
B* =250 B [ ] (1+1r)]
=

Note that here, r, is used to compute interest accumulated, whereas

under the fully contingent scheme, the opt-out rate, R, is used %o

determine B*' and thus Ti' Given a feasible (T, r.) combination it will

always be true that the present value of the coupon schedules repayment
stream at the time of graduation will be greater than or equal to the

outstanding debt at that time:

T
EB*i 5.621 (1+rc7(6+t)(1 + y)ec0 ,

_ t
where co is the payment in the initial year. 'Now, C, = co(l + v] . Note
also that this inequality becomes an equality if, and only if, 1 is suffi-

ciently high so that the contingency option is never exercised and there

is no mortality during the period.




FIGURE II

UPSTATE UNIVERSITY
Medical Education Opportunity Bank

College Town California 94302

April 15, 1979

Dr. John Q. Borrower
Smalltown Hospital
Smalltown, New York 10708

Dear Dr. Borrower:

In 1974 you borrowed $x thousand for your medical education to be
repaid over a 30-year period. As you know, each year you are given
the choice of meeting your repayment obligation with a coupon, which
this year is $Y, or with a tax repayment, for which the tax rate is
0.2% (0.00Z) from your current adjusted gross income, whichever is
less. The coupon payment is Y% higher than last year, reflecting
your increased ability to pay as your income grows.

Your payment is due within thirty (30) days of the date on this
letter. Pleace transrer funds electronically if possible, to our
account number xxxyyy-zzz. If you choose the tax payment, code your
social security number with the payment and attach a certified "true
copy" of the form 1040 you submitted with your Federal Income tax.

Sincerely,

Joseph H., President
Medical Educational
Opportunity Bank

JHP/ecc
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Similarly, a feasible (t, rc) corbination will insure the validity
of the following inequality,‘where P% represents the repayments by sall

individuals belonging to the set K in year 6 of their repayment period.

L T
i ~(o+t) pk 41
[ng b3 {g ni @+ 0 < ez 1+ 7)7 7L ] ngPg 45 ] ngPg]

1 k€D k€D

where Lj is the loan extended in year j , i€G, D* if J < 2, i€EG othervise
and n; is the number of persons in the ith decile in year ; . Now, since
Pg = rYg s if we hold t fixed, we may determine CO from the above, and

hence r, . This constitutes the rélationship between r, and 1: given

c
r and v, the payments min (TYi ’ Ct) must be sufficient to reduce outstand-
ing debt to zero in T years.

Results from the partially contingent program are presented in
Tables VI - IX and Figures III and IV. In Table VI, we explore r = 6%
with T = .26%. This yields a "coupon rate," r, » vhich becomes increasing-
ly close to the rate of return, r, as the grace period, t, is extended.
This is because MDs' incomes grow very quickly in the first four years,
so fewer chose the TYt option when the grace period was available. In
general, for both r = 6% and r = 8%, it was felt that the 1Y, option
was elected too frequently (to realize awr goal of minimizing administrative
costs) in schemes with a short or no grace period, since even the higher
income MD's exercise the option. A 1 of .33% seems to give a somewhat
"attractive" pattern in the r = 8% program; except for low or zero t, there
is not much change.

(Attractive has the meaning of the above discussion with reference to

¥

G means graduates, and D means dropouts.
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Figure III

5.
Partially Contingent Program with: 1s0 - r LOCI
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Repayment Period, T = 25 (scenario = 1)
Income Growth, g = 5% Growth of Coupon Payments
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Figure IV

~L6-
Partially Contingent Program: Anticipated Adverse Selection
Coupon Rate, Tss required to maintain rate of return,r, at 6%
When Income GrowWth is Anticipated to be g, with:
Tax Rate, t = ,0020
Repayment Period, T = 25 Years
Growth of Coupon Payments, y, = 10%
For Various Anticipated Adverse Selection Scenarios
and Differing Lengths, t, of grace period
COUPON ADVERSE SELECTION
RATE SCENARIO
[ 2 3 4567
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6 h--------------------- - Al G A G» D TP A A A G A
(r=6%)
1 1 1 e 1 1 GROWTH OF
INCOMES (g)
1% 2 . 4 5 6




s Ll

TABLE VI
Partially Contingent Program:

"Coupon rate," r,, given 1, the repayment tex rate per thousand
dollars borrowed; r, the rate of return; t, the grace period after
which the repayment period begins; T, the repayment period = 25
years; g, income growth after 197k = 5%; and A, rate of growth of
repayments for the coupon option = 10%,

Contingency by Decile®
h

=47~

t (grace period) r, 1 2 3 s 6 7T 8 9 10
0 6.394 5 5 4 4 3 3 2 1 - =
1 6,25 4 3 3 3 2 2 1 - = =
2 6.17 2 2 2 1 1 1 = = = -
3 6.1k4 1 1 1 - = = = - - -

2, 1= .26%, r = 8%
Contingency by Decile*

t_(grace period) ro 1 2 3 4 5 6 7 8 9 10
0 8,604 7-1 6 6 6 5 k4 4 2 - =
1l 8,48 6-151 5 4 4 3 2 1 - -
2 8,34 Lh-2kaka 3 3 2 1 - - =
3 8,30 3-33-22-12-1 2 1 = = = =~

3. t=.33%, r=28%
Contingency by Decile¥

t (grace period) 1 2 3 4 5 6 7 8 9 10
0 8,442 s s 5 4 4 3 3 2 - -
1 8.3k Yy ¥ 3 3 3 2 1 - =~ =
2 8.23 3 3 2 2 2 1 = = = =
3 8.18 2 2 1 1 - e e e = -
I 8.16 1 -« = =& @ @& =@ @ = =




b, 1= ,40%, r = 8%

Contingency by Decile®
3 6

~h8-

t (grace period) re 1 2 7 8 10
0 8,35 4 4 4 3 3 3 2 1 -

1 8.26 3 3 3 2 2 1 1 - -

2 2 2 1 1 - - = -

2 8.16

*The notation used here indicates the number of years for which
physicians in each decile exercise the tY¥4, or contingency, option.
A single number, e.g., 6, indicates that the option was exercised
during the first six years of the repayment period. Two numbers
separated by a dash, say 5-1, denote exercising of the option in
both the beginning five (5) years and the ending (1) years of the

repayment period.
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TABLE VIII

Partially Contingent Program:

"Anticipated" adverse self-selection:

growth of incomes after 197L,

1. t (grace period) = 0 years

Adverse selection

Solve for r,, the coupon rate,
given 1, the repayment tax rate = ,20%; r, the rate of return = 6%;

T, the repayment period = 25 years; A, the rate of growth of coupon
repayments = 10%; and varying t, the grace period, and g, the rate of

Scenario No. g fﬁ?% g = u% g = 3%
1 6.51% 6.60% 7.02%
2 6.55 6.67 T7.23
3 6.64 6.82 7.86
4 6.69 6.92 9.u47
5 6.72 7.00 infeasible
6 6.Th4 7.07
T 6.78 7.20

2. t = U years

Scenario No. g = 5% g = L% g = 3%
1 6.17% . 6.27% 6.63%
2 6.17 6.29 6.72
3 6.17 6,34 6.95
k 6.17 6.37 7.11
5 6.18 6.40 7.26
& 6.18 6,42 7.38
7 6.18 6.47 T.67

5:2%_

8.50%
10,02
infeasible

E:z%

7'56%
8.0k

infea~‘ble
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Table 1X

Partially Contingent Program:

"Unanticipated" adverse self-selection: solve for r, rate of return,
given 1, repayment tax rate = ,20%; T, repayment period = 25 years;
Yy, rate of growth of coupon repayments = 10%; r,, coupon rate, from
Scenario 1, Table V, and varying g, rate of growth of incomes, and t,
the grace period,

l. t =0 years

g = 5% g = 4% g = 3% g =%
Scenario No. (r, = 6.51%) (ro = 6.6%) (r, = 7.02%) (r, = 8.5%)
1 6,00% 6.00% 6.00% 6.00%
2 5.96 5.95 5.89 5.74
3 5.90 5.85 5.69 5,26
4 5.86 5.80 5.57 .96
5 5.83 5.75 5.48 4,78
6 5.81 5.73 5.42 4.67
7 5.79 5.68 5.32 L. kb9
2. t =L years
g = 5% g = L% g = 3% g = 2%
Scenario No. (re = 6.17%) (r, ='6.27%) (r, = 6.63%) (r, = 7.56%)
1 6.00% 6.00% 6.00% © 6.,00%
2 6.00 5.98 5.94 5.85
3 6.00 5.95 5.82 5.56
4 5.99 5.92 5.75 5.39
5 5.99 5.90 5.69 5.28
6 5.99 5.89 5.66 5,21
T 5.99 5.86 5.59 5.01
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the bank and administrative costs.) The sensitivity to chenges in the
grace period naturally reflects the low income of those early intern
years in our data, as shown in Tabie A~5 of the Appendix. We conjecture,
hovever, that interns are nowhere near as poor (relative to physicians'
lifetime incomes) today as in 1960, and that therefore our t = U might
vield a more realistic approximation to the same program run with, say,
1970 census data and a lower t. Most of the 1970 census data was publish-

ed before this writing, but the publication presenting incomes by pro-

fession was nct available to us.

Figure IIIpresents iso - r loei in (ro, t) - space: for a given
rate of return, the v - r, trade-off is illustrated., Each of these
loci has two asymptotes - the coupon rate can never fall below r ’
and there exist positive t's for each r such that r, Jproaches
infinity. Thus, the iso - r loci are convex to the origin in the
pésitive quadrant of (1, r,) space. Infeasible r.'s occur at t's
somewhat below the . sak-even t's from the fully contingent program,
(ef. Table III) or southwest of each locus, which thus defines a
feasibility frontier for the program, given r,

This frontier may be described more precisely by noting that, by
design of the fully contingent and partially contingent variants, it

will always be true that:

ri—lbma Tpc (r’ rc) = lein%o ch (I' b4 R)




=5T7=-

This is so because for an equal rate-of-return in the two variants, the
above limits imply that the income-contingent repayment will be made by
all borrowers in each year of the repayment period (i.e., there will be
no coupon payments in the partially contingent scheme and no opting-out

in the fully contingent scheme). It will also be true that:

riiga Tpe (F, ro) ¢ 1p.(Fy R) for'F <R <=,
the inequality holding only for R sufficiently small that some opting-
out occurs, thus requiring a larger 1 than that of the comparable
partially contingent scheme, where no opting-out is possible, and the

coupon option is never exercised with r, very large.

Tables VII (a)-(e) present the cash flow for a partially-
contingent program which may be considered attractive for both the
borrower and lender (re1a£ively low tax rate and very little contingency
exercise.) This may be verified by noting in Figure II the 7 = ,0020
point on the r = é% locus. Higher tax rates do not significéhtly
improve the low rate of contingency exercise, lower tax rates boost
"the required coupon rate rather quickly, For this reason, we have
chosen this particular parameter combination to test the stability of
the program to extreme adverse selection and income growth assumptions

(see Tables VIII and IX, Figures IV and V),
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If one compares these cash flows with those given to illustrate
*he semi-conventional and fully-contingent plans (see Table I (d) and
Tables V (a)-(d)), it is very apparent tat the partially-contingent
plan's repayments are very close to those of the semi~conventional
plan, This is consistent, of course, with the extremely low contingency
exercise implied by this particular parameter combination., Looking to
the decile cash flows, one sees that only in decile one do graduates
take advantage of the contingency option (1 = .0020), in the first and
last years of his repayment period.

This partially contingent plap thus illustrates a loan contract
which guarantees the borrower that he will pay no mggg_thaé 6.17%
interes* (the coupon rate corresponding to the required starting payment
of $41,94 in the optimal fixed;repayment schedule - see Table VII (e))
over the twenty-five year repayment period., Indeed, he will pay less
if in any year ,20% of his income is less than the required coupon pay-
ment in that year ($41.94 in year 1, ($41,94) (1,10) 24 = $454,63 in
year 25). This gives income protection to potential low-earners, yet
does not burden high-earners with the 8% opt-out interest rate of the

fully contingent program., The cost of this compromise solution (between

semi-conventional and fully-contingent plans) is two fold:

(1) slightly higher coupon payments than comparable semi-
conventional plan (coupon rate = 6,17% rather than 6,00%)
(2) higher tax rate than comparable fully-contingent program
(t = .0020 rather than t = ,00105),
The low-edfner's income insurance and the high~earner's payment insurance
must then be compared by each group to see if the above "costs" are

Justified,
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"Anticipated" adverse self-selection (i.e., what would r, have to
ve to maintain the same r, given adverse selection) is explored in
Table VIII and Figure IV, As expected, the coupon rate rises, but
not substantially, as a result cf the adverse selection. However,
the variation of t and g exert a much more significant influence on r..
This is illustrated by the family of curves in Figure IV (compare t = 0, k4
loci for adverse selection scenario = 2). As Table VIII corroborates,
the sensitivity of the program to anticipated adverse selection increases
dramatically when g, the growth rate of incomes, drops. In Figure IV
we see that when g = 5%, increasing the severity of the adverse selection
scenario has a negligible effect on the r, required by the program. When
g = 3%, however, adverse selection can make the program infeésible with
the given t. A grace period reduces this sensitivity by shifting these
loci to the southwest, but tﬁe program with such a 1 is still sensitive
to low g's. Policy coneclusion: higher t's are needed if such adverse
selection scenarios are anticipated.

The reverse exercise involves unanticipated adverse selection, or,
gi!gg_rc and 1, what r would result under the same adverse selection

scenarios as above, r. and T being chosen from tke (r = 6%, g = 5%, no

c
adverse selection) simulations. The results are set out in Table IX,

and depicteéd in Figure V. The same pattern which emerged with anticipated
adverse selection with low income growth can drop r substantially. A gace
period of four years will guard against effects of unanticipated

adverse selection by flattening out and raising the iso =~ r, loci in

(r,g) space, but dropping g still has significant effects with severe

adverse self-selection. (See Figure V and Table IX.) Note that when
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Figure V

Partially Contingent Program - Unanticipated Adverse Selection
Coupon rate, r,, (=6.17% for t=0, 6.51% for t=lh) set to Yield
Rate of Return, r=6%, with expected income growth rate, g=5%,
and with no expected adverse selection when tax rate 1=.2%.
Figure shows actual rate of return, r, as a function of the
actual (not anticipated) growth of incomes, g, for various
unanticipated adverse selection scenarios.

RATE OF
RETURN
(r)
t=4)
ADVERSE
6% [~~~ seLECTION T a———s= ceswTssssce- ===
scs:amo } (15 0)
2
5 | 3
4
5
6
7
4
1 il 1 1 1 GROWTH OF
1% 2 3 4 5 INCOMES (g)
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one combines scenario 7 (severe adverse self-selection) with g = 5%,
the rate of return is higher than it is when g = 2% and only a little
adverse selection occurs (scenario 2), Hence, the rate of return is
éore sensitive to poor (too high) income forecasting than to unanticipated
adverse self-selection with good income forecasting. Note, too, that
scenario 1 (no adverse selection) always produces a 6% return
here since coupon rate has been chosen to "anticipate" lower income
growth; i,e,, it has been chosen as the r, from the partially contingent
scheme with the same parameters, including g, but with no adverse
selection.

In summary, adverse self-selection per se does not hurt the

program, Poor forecasting of income growth and low t's will damage
its finanecial viability. This can be mitigated somewhat by allowing
for a grace period. The caveat regarding our income daéa for these
interpretations is as applicable here as'above; interns are now earning
much more relaE;;;‘;;%;heir expected lifetime earnings than they did
during the 1960 census period., The best policy can be inferred immediate-

ly from Figure III - set 7T high enough to ensure viability. Even t = .U0%

is not unattractive from the "insurance" point of view,

IITI, Evaluation of the Three Programs:

We cannot offer any simple evidence that one program is to be pre-
ferred over another, A semi conventional loan scheme such as we have
outlined is preferable to a normal mortgage loan because its payments grow
with the borrowers' ability to pay. We know from the simple arithmetic
of compound interest, however, that the total amount paid back under a

25 year growing repayments plan will be significantly larger than that

paid under a five year equal payments plan,
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As we have stressed, the income contingent feature of the fully
contingent scheme in some sense provides maximum ;nsurance to the borrower,
but the reduction of risk to the lender and-the reduction of administrative
costs offered by the partially contingen%‘variant is of prime importance
for small-scale applications. How might we compare the variants more
precisely?

We know that the semi-conventional variant is the limiting case of
the partially contingent Qariant in which r, =T, T is sufficiently
large that in no period does any borrower elect the contingency option,
and the rate of growth of repayments, vy , is the same for the partially
contingent coupon as for the semi-conrventional program. The semi~
conventional variant is muech like - but not necessarily identical to -
the fully contingent variant in whichht is sufficiently high so that
r = R. It should be stressed that at some point T is sufficiently large
to equate r to R, but if T is increased further the pattern of repayments
will be speeded up even though neither r nor R are affected by these
further increases in Tt.

Income distribution effects are certainly among the major reasons
for proposing more flexible plans. Th; fully contingent plan favors lower
income earners at the expense of higher income MD's. The early burden
which a high opt-out rate puts on a rich MD, in spite of the fact that
the high rate of return on his educational investment may Justify it, could

lead to adverse self-selection in these upper deciles. While this may

not severely damage the program, as we have shown, the partially contingent
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program shifts the burden on these physicians to a later, higher income
period. Certainly, the degree to which the early forced payments are a
burden (especially for rich MD's) under the fully contingent scheme depends
on the doctor's rate of time preference. In absolute terms, as already
mentioned, the potential opt-out MD pays more under the'partially con- !
tingent plan, due to interest compounding. Rather than expending a lot
of effort trying to find tax loopholes to reduce his adjusted gross income,l
he can opt for the coupon, which is exactly what we want to keep adminis-
trative costs dan.
Referring back to Figure II, we judge the area to the northwest of
the region labelled "attractive" as such because too much "eontingence"
is being exercised; i.e., the IYi option is selected by richer MD's. 1In
other words, for the partially contingent plan, the administrators must
" .set a relatively high t and low coupon rate to make all but those in the
lowest two or three deciles choose the tax repayment scheme. By "choose,"
of course, we mean year by year, since in each year, the choice between
the two repayment options is open. Hence, a doctor starting out on his
career may opt for TY% for three or four years, and then stay with the
coupon rate until the very end, when t.» v% growth in repayments under the
coupon scheme makes the tax more attractive. (See Table VIII (e) for example
of this pattern.) Exercise of the "contingency" option will also be in-
fluenced by the grace period, since a low-income intern would obviously opt
for the tax. Thus, extending the grace period shifts exercise of the con-

tingency option from the early to the later years.
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The "attractive region" also provides a margin of safety against
unanticipated adverse self-selection combined with unanticipated low
income growth. A more sophisticated way of projecting physicians'
incomes seems desirable in view of the sensitivity of the latter two
programs to changes in growth of incomes. Research on the elasticity
of demand for education with respect to financing arrangements has yet
to be done. More particularly, since this program is voluntary, we would
like to know, given the investment decision, what is the elasticity of

substitution between these and other means of financing that investment.

IV, The Pure Economic Theory Of The Ideal Contingent Repayment Loan Program

The major concerns of this study are largely for immediate policy
implementation. We study the operating chgracteristics and stability
properties of these variants. No plan strictly dominates any other. There
is always a trade-off; e.g., greater stability and ease of administration
is purchased at the price of reduced mutualization of borrower risk.

What program is best? There is no clear answer although we strongly
suggest consideration of the so-called "fully contingent" EOB for national

application in conjunction with the IRS and suggest consideration of the

well-designed partially contingent EOB (PCEOB) for smaller scale application.

In order to properly pose the question as to which contingent loan program
is optional, we must consider partial and general equilibrium models of

intertemporal decision-meking under uncertainty. To construct a convineing

but tractable model that allows for choices among work, education, leisure,

consumption, and saving in an uncertain environment would be no mean feat

in itself. Our problem is even more difficult: Since government taxation
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powers are of limited potency, in general the ideal CRLP would be only a
"second-best" solution. Choosing an optimal EOB schedule is thus a problem

in the barely developed field of optimal adverse-risk selection. Further-

more, transaction, enforcement, and administrative costs, as we have seen,

play an essential role in selection of a "best" CRLP scheme. Here too,
modeling is not likely to be easy. The general economic equilibrium theory
with costly transactions is barely in its infancy; nonconvexities due to
set-up costs abound and current mathematical téchniques are not fully
adequate,

It is outside the scope of this particular project to attempt to
build a "definitive" model for thé Ideal EOB. (The subject, however,
fascinates us and we plan to make it an important part of future research
effort.) Here we content ourselves with stretching some very simple
models which illustrate the ideas of their section.

There is a further theoretical question which relates to the theory

of the Ideal CRLP - the role of the institution of bankruptcy. Bankruptcy

is obviously very important to any CRLP diccussion. While the bankruptcy-
institution protects individual freedom from de facto slavery contracts,
the same institution limits private investment in human capital by limiting
lender security. The study of this special institution, which is dbviously
very imporiant to the study of the Ideal CRLP, would take us so far afield
into the theory of legal and economic sarrangements, that we do not even

attempt to sketch a "bankruptcy" model at this time.
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A. Simple Aspects of Decision-making Under Uncertainty in the CRLF

For purposes of this subsection, we abstract from the choice of the
student borrower as to quantity and quality of education, consumption
and saving, and work and leisure. For simplicity the representative man
is assumed to purchase college educatior. and must (or chooses to) repay
through the EOB arrangement. To keep things very simple, it is assumed
that future pretax income is a single mndom variable un iffected by any
decision of the borrower. In this very special and simple case, we have
assumed away all incentive effec£s (thus assuming away all "moral hazards").
Thus, the EOB should be designed to provide insurance against lower-than-
average earned income while supporting overall educational expenses.

Utility of the representative borrower is

ul(1-t) (vg+¥ )],
where U[ .] is the utility function, ie is the random variable of earned
income, Yo is other income, and t€[0,1] is the average rate of income
taxation. Following vor Neuman and Morgenstern, we postulate that the
individual desires to maximize expected utility,
E(U[(1-t) (Y, + ¥, )i}

Tn the case of this subsection. éhe borrower has no decision variable at
his own disposal - giving‘his probability belief EV is given after the
government specifies the tax rate, t . We assume tha£ the representative
borrower is risk-averse, that is, the second derivative of his utility
function is negative, U"'< 0.

The government must balance its education budget,

i=1

P= ] ¥yt (y)
i=1




Yy -

where yi = Yg + Yi is income of borrower i , t(yi) is the average tax
rate of borrower with income yi , and B is total cohort borrowings in-
cluding interest charges. If you like, the sum in the above may be
approximated by integral of densities, so that.
B =ft(y)yf(y)dy ,

where f(y) is the density of individuals with income y . Following
Bentham, we may wigh to maximize the simple integral of expec’ed utilities

O [rulaee)yDe)ey
'usubjgéﬁ to the balanced-budget constraint. (Of course, the balanced-
éudggt constraint can be easily modified to allow for government subsidy
of education.)

The government's policy is the function, t(y), the full tax schedule.
Lump-sum taxes are disallowed; t depends solely on y. By solving the
Fuler equation to the above isoparametric problem, the optamizing tax
schedule is found. In the degenerate case where each individual has the
same utility function, the same belief about the random variable ii , and
the same Yg , then since U''< 0, optimal tax is to confiscate all above-
mean income and give subsidies to all others to bring each individual to
the mean income. (All of the above implicitly assumes that a very strong
law of large members applies to government tax revenue; the probability
limit of average revenue (revenue per taxpayer) is equal to the expecta-

tion of averoge revenue,)
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B. The Education Quantity and Quality Decision and Adverse Self-Selection.

Here we focus on the effect of taxes (or repayment-taxes) on the
individual's educationsl effort and expenditure decisions. For simplicity,
at this stage, we abstract from the intertemporal aspects of investment
in human capital, the consumption aspects of higher education and the riski-
ness of return to investment in educational capital. The simple model
will be of some use in studying the question of .adverse self-selection.

The model studied is based on one exposited by E. S. Phelps.1 The
Phelps paper in turn employs the explicit educational choice model put
forward by K. Sheskinski.2 The very recent resurgence of interest in
optimal incow.= taxation which provides a theoretical framework for models
of this type is due to J. A. Mirrlees.>

Assume that individuals - potential student borrowers all - have
identical preferences, but they differ in ability to earn wage and salary
income according to differences in a parameter n, n €[0,~). Let F(n) be
the cumulative distribution of individuals with ability n, so that f£(n)
can denote the density of individuals of ability n.

F(n)=F(0)+fg f(s)ds ,
so that

F'(n)=f(n)>0

1l

E. S. Phelps, "Taxation of Wage Income for Economic Justice," Department
of Economics, Columbia University, New York, New York, 10027. August 1972.
2

Reference [12],

3

Reference [7].
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with
F(C)> 0 and F(N)=1
where N is the highest ability,
Let x be an index of time and resources spent in education. Assume
that ability and education interact in a multiplicative way so that
y = nx,
where y is pretax income for an individual with ability n and education x.

The problem for society is to choose an optimal system of taxation and

transfers to redistribute income while not neglecting costs of interfer-

ing with educational incentives.

Let the net tax function_be n(y) so that after-tax disposable incomes
are given by z(y)=y-h(y). To bring out the redistribution-efficiency trade-
off most clearly, replace th2 Benthamite social welfare function of the
previous subsection with the Rahlsian eriterion of maximizing the utility
of the worst-off individuals (in this case those with zero productive
ability, n=0). Notice that the Rahlsian criterion does not call for con-
fiscatory taxes. The energy of the ablest needs to be harvested for the
least able even with this extreme social welfare function.

For analytic convenience we can follow Phelps in writing

z(y)=y+a-t(y) ,
where
h(y)=t(y)-g ,

so that the constant g has the interpretation of minimum-disposable-income

and t(0)=0,
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The repayment-tax schedule t(y) must be chosen to maximize minimum
utility, u(g) subject to
&=/ tly(n)1£()an - y-o
vhere y is government expenditure and o is the désired government budgetary
surplus, and subject to individual responses to the tax schedule which
will be discussed next,

Each individual msximizes his utility of consumption, u(c). The cost

of an education of type x is j(x), so by individual.budget balance,
ct+j(x)=y-t(y)+g .

Simple utility-maximization yields
de/ox = n(1-t"(nx)) - J'(x) = 0

for interior maeximum,

We have set the stage for a detailed derivation of an optimal repay-
ment tax rate t(y). While interesting properties can be derived, this is
not the place to do so given the extreme simplicity of the model. The
intention here - as it is throughout Section IV - is to discuss the elements

of a theory of ideal student finance for higher education.

C. Theoretical Aspects of Transactions Costs in Alternative Student

Financing Schemes.

Traditional general equilibrium economic models assume the absence
of transactions costs including costs of marketing, government costs of
taxing and individual transactions costs imposed on individuals as a function

of alternative legal and administrative arangements. The very recent




economic literature has attempted to incorporate such costs. See

e.g. [4] and [6]. One notable difficulty in extending the traditional
models is the obviously non-convex nature of transactions sets:
Transactions costs functions are typically of the set-up cost type
(with zero marginal costs) or at least exhibit sharply increasing re-
turns-to-scale. |

As with all industries characterized by increasing returns to
scale, there is a strong argument for a government role in setting up
markets and in designing legal and institutional arrangements. The
important technical lesson is that the non-coﬁvexity can be expected
to require digital (or integer) programming techniques to choose the
socially optimal subset of feasible social-institutional-market arrange-
ments,

In terms of the social.financing of students in higher education,
this suggests that tuere may be strong efficiency losses from retaining
a diversity of federal financing programs which, of course, must be
weighed against the ovbious gains to the student borrower of the existence
of choice among financing schemes.

The reader of this report will note that in evaluating the parti-
cular EOB plans great emphasis was placed on relative transactions coéts.

While we hope that our arguments are persuasive, we keenly feel the lack

of guantitative basis for transactions enforcement-administrative costs

in this study. The failure to theoretically and quantitatively account

formally for such costs is a subject of general concern in modesn economic

-
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theory and econometric practice. (We plan in future research to address

ourselves to these important theoretical questions and to apply the

results to the area of educational finance.)
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APPENDIX A - INCOME DATA

Tn order to obtain the most realistic and accurate analysis of
contingent repayment loan schemes, it is highly desirable that we vork
with disaggregated income data. Such data also allows us to observe
carefully the cross-subsidization which occurs during the repayment
years between the "high~earners” and "low earners' of the borrowing
population, Toward this end, we divide the borrowers into ten classes,
or deciles, each of which represent ten percent of the total number of
borrowers. We then assume that all members of a decile have incomes
equal to the average for that decile and use these incomes to compute
the repayment flows for all ten deciles.

Disaggregated census income data are highly limited in scopes: Since
the highect income class specified by these data is $15,000 and above,
they fail to give a useful representation of the income distribution
of the physician population., It is however possible to generaﬁe a
satisfactory income distribution by combining the mean and median

hb#:;;sus income data with a frequency distribution which is considered
applicable to sﬁch data, The frequency distribution which we have

chosen is the Paretian distribution,* whose density function is"

rat / x*1  for X > A

£(x) =\
0 for X <A

vhere r and A are parameters and X is the level of income.

#The Pareto and the lognormal distributions are the two most obvious
dandidates for income frequency distributions. (We chose the Pereto
because of the parametrization for A, which can be positive,
especially appropriate for physicians. This enables us to neglect
all physicians with incomes lower than A. )
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This function may be used to determine the frequency of any income

1

(e.g., if fggsggg £(X) dX equaled .21 this would imply that 21% of the
]

physician population was earning between $20,000 and $30,000)., 1In

X
class from X, to X, by evaluating the definite integral fx2 £(X) ax
B §

particular, we know that for any frequency distribution £(X), the

following two equalities are valid:

(1) X=/__ xt(x)ax (X = mean)
(2) .50 = /X PF(x)aX (X = median)

Since we know that for a Paretian distribution f(X) the definite
integral wa f(X) dX equals zero, these two equalities may be expressed

as:
(3) X= IX X£(X) ax
(k) .50 = f;): £(X) ax

Substituting the Paretian form rAr/Xr+1 for £(X) and simplifying we

obtain:
(5) X = rA/r-1 (1) A= X(r-1)/r
or
(6) % = (2a%)t/* (8) a=x2"
Equating (7) and (8) we obtain:
(9) rg.('-)-(-.-' %)2171').- X=0

This in turn may be used to solve, via Newton's method, for r when

the mean and median for a particular segment of the physician population
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are known, Finally, this value of r may be substituted into (7] or (8)
to obtain the value of A,

The mean and median census income data for each of four age
groupings of the 1959 physician population and the co;responding
values for r and A are presented in Table A-1,

If any justification is needed for not using the census income by
census , the data in Table A-1 provide it. Not only are the mean and

median i:comes for physicians above $15,000 in all but the fledgling

age range, but A, the parameter of the distribution below which the

frequency is zero, is above $15,000 in two of those three cases as well.

‘Hence, if the Pareto distribution is a good approximation to the actual

distribution, there were very few doctors between ages 35~54 earning
less than $15,000 in 1959, vhereas the census classes lump all doctors
earning more than $15,000 into one cless.

From r and A, we may calculate what may be called income "dividers"
for each of the ten deciles of the distribution. A Aivider separates
one decile from the next; it is the income level at the bottom of a ’
decile, The divider for decile 1 is just equal to A, since that is
taken to be the very lowest income of the distribution (frequency of
incomes less than A equal zero). From there, the remaining dividers
may be calculated in sequence:

X=D2

decile #2: .10 = .rD2 £(x) ax = [-(&)F]
A X "¥X=A

(solve for D,, the divider for decile #2)

D

X=
A
decile #3; .10 = /23 (1N ax = [ L 3

Do

(solve for D3)




and so on for deciles 4-10,

The values for these dividers thus obtained are presented in
Table A-2. Note that the sixth divider is equal to the median of
Table A-1, a result which follows from our definition of divider
(the sixth divider separates the first five deciles from the second
five).

From these dividers, we now calculaste the average income by decile
for each of the four age groups (i.e., income for physicians of age 30,
Lo, 50, 60). For the first three age ranges we use simply the arithmetic
mean of dividers 1 and 2, 2 and 3, 3 and b respectively. For the highest
age range, a slightly different approach is required.

By definition of our Pareto distribution, we know that f: £(X) dx = 1.0
and leo £(X) dX = .90 where D, is the income divider for decile ten.
By subtraction we obtain f;lo f(X) dX = .10. Finally, if ilo equals
the "median" between infinity and the tenth divider, we can solve
Igig £(X) dX = .05 for X. . to obtain the "average" for decile ten.

10
The results obtained from the above two computational procedures

are presented in Table A-3.

Finally, to obtain incomes for each age between 25-64, the income
matrix of Table A-3 was linearly interpolated betseen the four age
benchmarks. If the interpolation yielded a negative value, we took
these to be zero. This occurred in 19 of 400 cases, naturally all in
the first two or three years (ages 25-27). Recognizing the existence
of non-salary income among physicians, which may be received either
because of physicians! increased khowledge of investment opportunities

or larger wealth from which to accumulate capital gains income, or both,

a simple blow-up factor of 6% was used to inflate the incomes obtained
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by the interpolatipn procedure. These results are presented in Table
| A-l,
The eross~sectional ﬁatrix was converted to g matrix giving incomes.

over time for the 1977 cohort,1 the nominal growth rates as follcws:

Period : Graduates Drgpouts
2y 1960-T0 T% L, 5%
\ 1970-T1 8% 5.6%
1971-T2 . 1% L.9%
1972 -73 6% h.2%
1973-Th 5% 3.5%
and thereafter - 5% 3.5%

L

Note tha. this growth is in addition to that yielded by aging
(implied in the cross-sectional matrix), This final income matrix
(Table A-5) was used as input to our contingent repayment calculations.

The high rate of growth in the demand for physicians' services

oo will continue, and we expect demand to continue to exceed the supply
for a while yet. Since we envision the program wogld have a fairly
substantial effect on the number of physicians graduated, we assume
that excess demand will be lessened within a few years. Further, we
assume that the introduction of paramedical personnel in the next few
years will yield more "doctor-hours" from physicians, increasing the
effective supply. Naturally the income scenario is somewhat arbitrary;
still, we feel it is reasonable. As mentioned in the text the growth

rate projJections for post—l97h are varied in our computationg to test

1
Including graduates and dropouts,
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the robustness of the program to variations in these projections. In

1968, Medical Economics projected a 5.4% annual rate of growth of

physicians' incomes for 1968~78. Our projections are somewhat higher,
based in part on inflation, and in part on the expected.growth in the
demand for physicians' services. For example, a 30 year old in the
fifth income decile would have a 1980 income computed as follows:

1980 income = (14810)(1.07)11(1.08)(1.07)(21.06)(1.05)7 (graduated

in 1977 1959 + 11 +1 + 1 + 7 = 1980 at age 27)

i -




TABLE A-1

Cross-sectional mean and median physician income data in 1959
and Pareto distribution parameters resulting from these means

and medians (source:

AGE RANGE MEAN
25-34 $ 8,990
45-5h 25,045
55-64 21,499
TABLE A-2

MEDIAN

$ 4,877
19,491
20,788
16,949

o

$1,511
2,955
2,876
2,473

|>

$ 3,041
15,415
16,335
12,807

Income "dividers" for deciles resulting from Pareto distribution
of cross-sectional physician income data in 1959

DECILE 25-3h

$3,0
3,261
3,925
3,851
L, 264
4,811
2,077
6,Th6
8,822
13,956

OWOoO=NOAWV &FWw N+

-

AGE RANGE

35-Lb 4554 55-6k
$15,415  $16,335 $12,807
15,975 16,945 13,364
16,624 17,653 14,016
17,393 18,492 14,793
18,325 19,511 15,745
19,491 20,788 16,949
21,020 22,465 18,549
23,170 2k, 829 20,837
26,578 28,589 2h,5k49
33,606 36,382 32,490
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.. .TABLE A-3

Average 1959 cross-sectional physician income by decile‘

AGE RANGE

DECILE 25-34 35-UL 45-54 55-64
1 $ 3,151 $15,695 $16,6L0 $13,085
2 3,393 16,300 17,299 13,690
3 3,688 17,009 18,073 1L, 4ok
4 4,057 7,859 19,002 15,269
5 4,538 18,908 20,149 16,347
6 5,194 20,256 21,627 17,749
7 6,161 22,095 23,647 19,693
8 7,784 2L, 87k 26,709 22,693
9 11,389 30,092 32,486 28,520
10 22,078 k2,491 46,300 42,999
TABLE Al

Cross-sectional 1959 physician income data for selected ages
by decile (includes extra 6% for non-salary income) in dollars

AGE
4 H

DICIIE 25 . 30 . 35 ko is 50 55 60 6

3,340 9,998 16,637 17,138 17,638 15,754 13,870 12,363
3,596 10,437 17,278 17,807 18,337 16,k2hk  1k,511 12,981
3,909 10,969 18,029 18,593 19,157 17,213 15,269 13,713
4,300 11,616 18,930 19,536 20,1k2 18,163 1(,.85 1k4,602
4,810 12,426 20,042 20,700 21,358 19,343 17,328 15,715
5,905 13,488 21,b71 22,198 22,924 20,869 18,814 17,170
6,531 14,976 23,k21 24,243 25,066 22,970 20,875 19,198
8,251 17,309 26,366 27,339 28,312 26,183 2k,055 22,352
2,160 12,072 21,485 31,897 33,166 3,435 22,333 30,231 28,540
12,563 23,h02 34,222 ~%5,041 7,059 49,078 47,329 45,579  L4k,180

OV OO\ &Ww e
[ NoNoNoNoNoNolNel

L)
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APPENDIX B -~ DEATH AND DROP-OUT PROVISIONS

Deaths:

All financial aid prugrams require that the terms of repayment be
fixed at the time of the contractual agreement. It is therefore
necessary that these terms include some insurance to the lender that
unexpected defaults will not adversely affect kis investment. Assuming
that an educational debt incurreq:by a siudent will not be charged to
his estate if he dies before satisfying his repaymént obligation, two
forms of insurance are open to thz lender. Firsi, he may include in
the contractual agreement a compulsory }ife insurance policy which
names the financing entity as beneficiary. Alternativelj, he may take
into account the probability of default caused b&-the borrower's death

. - [
when calculating the repayment terms necessary to earn the desired'r"*“"

return. We have chosen the latter option in our program and have used
five &ear projected .vival rates published by the Public Health
Service in 1964, The average number nct surviving in each year of the

five year periods is subtracted from the total number of surviving

®

- . 4 wt -
borrowers to obtain the number of persons meking repayments in that ™

year. We assume that no deaths occur while the student ¥s still in

schobl. -

See 'fable B-1 for the results of this death provision in a hypo-

" thetical program extending loans to 10,000 students which graduate in

1975.

Dropouts:
We assume that a fixed (9%) percentage of borrowers will drop out
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of medical schcol after one year. Historieslly, this is a percentage
| i _point or two below the average drop~out rate (11%), and if too low,
‘Qould bias our tax rate computations downwerd somewhat, HOWever,lthel
drop-out trend seems to be declining, and we feel that the pressure of
the military draft will ensure the continuation of that trend,’since

medical school enrollment guarantees a deferment,

TABLE B-1
Year #Survivors
771975 10,000
. 1980 9,912
1985 9,826 : -
1990 9,723
- 1995 . 9,478
2000 9,090
2005 - 8,503
2010 ) 7,683

2015 6,585

‘A,"ﬁa..m.n"
3
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APPENDIX C ~ CASH FLOW CALCULATIONS

The algorithm which we use for determination of cash flows is
applicable to any of the three types—of repayment schemes, It is used
in our program to calculate not only the aggregate cash flow over all
ten deciles, (graduates and drop-outs) but also when considering the
opt-out feature of the fully contingent repayment scheme, One need
only specify the prevailing interest rate on borrowed funds, the loan
schedule and the repayment schedule,

The algorithm is as follows:

Give-* L. loan extended at beginning of year i

1

R; = repayment made at end of year i

r = prevailing interest. rate
Calculated:
I. = interest gue at end of year i

P. = principal paid in year i
C, = cash flow for year i

D, = outstapding debt at end of year i —

mw‘sv,,
(3oL o ) e
I. = L =L P x(r
1 J=1 '§ j=1 3
=R =1
Pl i i
D, =D + L ~P

=R -L -1 =P, =1L,
Ci Ri N Ii P1 L1 3

We solve for one parameter, given the others, such that the absolute

value of the outstanding debt at the end of year T + t is less then

-y
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$100 (our computational tolerance). This is equivalent to solving for

say r, given v, in the fully contingent varient, such that

N ) T -(0+t) o
250 [ J { fnl (14r)93] = 7 (14r) [ Znekplévrle anéplé],
3+l i=1 6=1 K6 2 ¥Ep
where

i€, D if § < 2,

i€G otherwise, and

n; is the‘number of persons in each DEA (Decile-Education-Age) cell

in year y; and the other parameters are as in the text. Note that we
use ni on the left-hand sice, on the assumption of no mortality during
medical school.

e -~
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APPENDIX D - SURVEY OF INCQME—CONTINGENT PLANS

Recent proposals for income-contingent student loan repayment
plans have met with sharply differing degrees of success, The
proposals may usefully be separated into three categories:

I. Plans which restrict their borrowing populations to those
students within a single university or to separate colleges of a
university. Initial funding for such plans generally draws on the
school's unrestricted endowment funds or alumni donations,

II. Plans which attempt to mutualize risk (and thus gein access
to external funding sources) via a consortium of schools whose
borrowing populations share similar borrowing preferences and projected
future income streams,

ITI. Plans whicg may be either university-specifiec or available
to a broad (e.g. state&ide) student body but gein direct funding or
debt guarantees from governmental bodies.

Of course, these criteria for separstion is somewhat arbitrery and
intra-category differenc;s will often exceed those between categories.
The three divisions do, however, represent sharply different financing
philosophies and are tﬂﬁéiﬁ;eful for investigation into probable future
directions of income-contingent plans.

1. Successfully implemented proposals have generaliy fallen
within the first category, Brief discussion of the essential
characteristics of four such jmplementations follow,

A. Yale University, the first major schop} to implement the
income contingent plan,allows all its students to participate in the

program, each being perﬁitted;to borrow that portion of his tuition

,
remm

*

-
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which represents an increase from the 1970-~71 tuition level, The
repayment tax rate on income is set at 4% per $1000 borrowed, the
maximum repayment period at 35 years. This tax rate repayment

peﬁiqd combination implies extremely conservative income growth
aséumppioﬁs, as is implicit in the Yale informational pamphlet, which
estimates that the borrowing cohort's-debt obligation will be
satisfied 10-12 years before the end of the maximum repayment period.
This conservatism is also reflected in the $29 required minimum
snnual payment per $1C00 borrowed ($29 x 35 years = $1000, thus a

stream of the minimum repayments would repay principal only, providing

a long-term, zero interest rate loan). Borrowers may "opt ,ut" of the

" program at any time with a final payment which would cover a loan 50%

larger than the loan actually taken out (plus interest on that 150%
amount). Yale student response to the loan offering has been enthusiastic,

perhaps. surprisingly so, considering the rather stringent repayment terms.

B, Duke University has implemented a loan program very

similar to that of Yale but differs significantly in that:
(i) it attempts to minimize cross-subsidization from

low tc high earners by separating the various colleges witpin the
university inéo distinct borrowing cohorts, so that the repayment
obligations of a medical school cohort will end sooner;than the
contemporaneous undergraduates;

(ii) it is financed solely through internal moniess

(1i1) it limits the borrower to $500-1,000 per year, not re-

flected in a tuition increase;

— A x

i
]
i

H
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(iv) it operates under more realistic repayment terms
(tax rate = .36% per $1,000 borrowed, repayment period = 30 years);
and (v) it aliows the borrower to begin repayment after ,
one full year of full-time employment. This is actually a soppisticated

"grace period" provision, inasmuch as it varies among borrowers.

C. Stanford Busiress School

M.B.A. students at the Graduate School of Business at Stanford are
given the opportunity to participate in a loan program whose terms of re-
payment are very similar to those of our "partiaily—contingent" variant.
All students are nominally eligible to participate, but participation
ﬁatterns mey be non-uniform across income deciles because the school en-
courages its students to exhaust all other funding sources (e.g. national
direct student loans, federally or stste insured loans and parental and
personal assets) before making application to the school's loan proéram.
‘Currently, the maximum total loan which will b;d;;;;nded to a student is
$8,000, which more than covers “wo years' tuition (55,210/year). The

essential repayment terms are as follows:

(1) Beginning year of repayment: Borrowers begin repay-
ment immediately after graduation, unless granted a
deferment because of continuing education at Stanford
or elsewhere. This is similar to Duke's terms in that
a "grace period" will be granted to some students,
but not others.__._. ' .

(2) Terms of repayment: Each borrower will repay on a
conventional five-year repayment schedule (60 equal

monthly repayments) unless he chooses (at arny point

-




N
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(3)
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in the five-year period) to switch to an optional
repayment schedule. This optional schedule runs

for 10 years, °*sith repayments on a graduated schedule,
each payment being 6% larger than the last. If at

any point in this ten years, the borrower anticipates
that a required loan rqpayment* will exceed 8% of his
income over the next year, he may defer the excess to
an eleventh year. Deferred repayments in this eleventh
year will be equal in size and, again, must not exceed
8% of the borrower's ncome in that year. Deferments
to-twelfth, thirteerth, etc., years will thus be possible
if a borrower's income was especially low over the en-
tir: repayment period. This "contingency option" is

called a "payment limit provision" by the schoole

Interest charged on loan (r): Stanford expects to be

i

aﬁle to borrow at the going prime rate and thus uses

an estimate of this rate to determine the probable future
repayment schedules for all borrowvers. Administrative

costs and expected deaths and defaults add an additional

1% interest to the conventional 5-year plan or an additional
1 1/2% intérest to the "partially-épntihgent" 10~year ..

plan .

»

Including any required loan repayments to other funding sources such "

as NDSL and Federal/State insured loans. .’
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It is significant to note that, in the language of our "partially
contingent" variant, the optional repayment tax rate, 1, is
variable, ranging from lﬁﬁ(for the maximum loan of $8,000) to a very
large rate (16% ;or a loan of $500). This variable rate will, of
course, decrease the likelihood of contingency exercise by students
who took out small loans, thus giving a subtle deferment advantage
to large borrowers.

D. University of Pennsylvania Law School is offering

(Fall 1972) a small ,ilot income-contingent program, making available
ten separate $1,000 loans in its first year of Qperation. It is
financed exclusively by a short-term pledge from an interested alumnus
and has set a repayment ceiling of .50% of the,borrower's income
and a fixed répayment period of 20 years. It differs from the Yale,
Duke and Stanford Business School programs by offering yearly repay-
ment choices, where the borrower may opt for a "fixed" repayment
from a schedule whose payments grow’at 5% each year. (See discussion
of the "partially contingent" loan schemes, pp. 11-1k).

2. Consortium attempts—have teern gutté unsuccessful
to date, ;s may be readily inferred from the absence of any such financing

proposals in the recent literatur-~ on the income~contingency issue. Three

I'ad
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representative failures are sketched below, with emphasis on the

— csauses for their rejection,

A, Work tovard a consortium of 10-12 graduate bugineas gchools
was carried out in January, 1971, the corsortium to be based in the
Wharton School and to draw its initial funding guarantees ®rom
foundation sources, Foundation and institutional reluctance to Join
in .the proposed consortium led the income-contingent scheme to an
early death. Wh'az_‘ton subsequently considered an independent income-
contingent program but chose instead a conventional five-year, fixed
repayment loan offering which sati;fied the. debt obligation at an
interest rate of eight percent. Student interez:st and participation in
this program was predictably low an¢ plians are currently being made for
a shift to the federal GSL program.

B, Another feasibility study, made early 1n 1971 under the
auspices of the §_1ow Foundation, focused on a proposed consortium of
the f;ve é;liladelphia medical schools. It examined two alternative
programs: (1) a "normal" income-contingency scheme with a repayment
tax rate set at .25% per $1000 borrowed and (2) a schedule of growing
fixed repayments where the repayment period would fall somewhere between
15 and 25 years and the growth rate of repayments would be set between

2 and 16 per cent. A strong recommendation emerged in favor of the fixed

" repayment schedule, primarily because of finencial uncertainties and

. adverse self~-selection fears.

C. A third investigation headed by Dean Bernard Nelson of

the Stanford Medicsl School and funded by the Sloan Foundation (early

-1971) considered a possible consortium of California medical schools.

The investigation produced & strongly negutive report on the income-
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contingent mode of repayment, based on such factors as: —
| (11 Costliness to the student of longeterm repayment
periods,
) (2) Riskiness to medical sch&ols vhich would be guar-
anteeing immense outstanding debt balances, !
(3) Lack of information to be gained from a brief, costly
pilot program.
Parameters for the income contingent plan which were conaid;;ed
were:
(1) Repayment tax rate = ,50% per $1000 borrowed, .
(2) oOpt-out rate = 10%,
(3) Repayment period = 25 years,
(4) Assumed 5% annual income growth,
(5) $29 minimum aﬂﬁual repayment per $1000 borrowed.
3. The final category is one for which no strong eéidence of.
feasibility or attractivcness has yet emerged, but which will likely
serve as a model for some future experimental programs, Its primary
difference from the other two categories lies in its dependence on :
guvernmental legislation and appropriations.

A. Harvard University has begun (Fall 1972) a loan program

for Harvard and Radcliffe undergraduates vhich will meet all require- -

ments for inclusion under the umbrella of the Federal.Insured Student
Loan Program. The borrowing population is limited to those students
with adjusted.family income (defined to be 90% of AGI less $675 per

declared exemption) less than $15000, each student being permitted to

borrow $1000-$1500 per year. The repayment period is set at.5~10 years,

Y
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with a possible three year extension of repayments if the borrowerts
income has been low enough to qualify for the maximum repayment ceiling
(6% of annual income]. The repayment cetling implies a tax rate of

1 -1 1/2% per $1000 borrowed (four year's borrowing of $1500 per

year yields an effecfive tax rate of 1% per $1000 borrowedl; This
extremely conse?&ative tax rate is well justified, considering the
projected incomes of eligible borrowers and the lower repayments in
the normal stream of fixed repayments,

B. Various state legislatures (Ohio, Illinois, Oregon) have
considered and rejected bills which would require that all state college
and university students repay the implicit loan, or subsidy, which
provided them with lower tuition levels than students at comparable
private institutions. This subsidy was estimated at $3500 for four
years of education in the Ohiu Plan, These legislative proposals were
income-contingent onIi_iﬁ_the grossest sense, in that they allowed
reduced or zero repayments for students whose incomes fell below a
specified level. The rejections of such bills speak for the general
legislative hesitancy to threaten the strongest selling point ofrgiatel

institutions for higher education - relatively lower direct costs to

the student. If, however, state colleges and universities continue to

find it necessary to increase tuition levels, adverse student and

citizen reaction can be expected to grow proportionally, Such reaction

could well destroy the existing legislative opposition to "deferred

tuition" plans at the state level and lead to & renewed interest in

-

the subsidy-repayment schemes. "

—
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APPENDIX E - THE INCOME-GENERATOR COMPUTER PROGRAM AND
~ THE INCOME-INFLATOR COMPUTER PROGRAM

The Fortran program to genérate income matrices by age, decile
and educatio# consists of nine subroutines and functions: MAIN, INTERP,
NEWTON, FR, DERF, DERF1l, FX, FA, and FINC. The program requires 10008
types for code and 13272 types for arrays. -

The program requires as input tﬁe mean and median incomes for four
age’ranges as .:11 as a starting estimate for the values of the parameter
r used in the assumed Pareto distribution. These are necessary for the
two educational ¢lassifications: Graduates and drop~outs. For the drop-
outs, no distribution of incomes is compared; the incomes across all deciles
are set equal to the mean.' This is a criterion imposed by our d;;a:

No median daca were available,

The output produced includes that summarized in Aﬁpendix A3 values
for r and A for each age range (25-5i, 35-hli, 45-54, and 55-64), income
"dividers" by decile, income matrix by age range and decile, and an in-
come matrix for ages 27-64 and by decile., For each of thesé, the calcula~
tions are described in Appendix A. —

The resultant matrices; each 4Ox10 in the case of our data, are
vwritten as an unformatted file for input to our simulation of cash flows
program. They could equally well be punched oq”ggrds by the program.

In the first case, appropriate job control cards are required for the

file to be kept on disk or tape. In the second case, the white (1) state-
ments should be replaced with a formatted punch (or write (IP, )) state-
ment. Note that, in most cases the standard card reader, priéZé; aﬁh punch

units are IN, 10, and IP, set in a data statement in the main program

(to 5,6, and 7)."




j
| DATA INPUT

Card 1: Format Card (cols. 1 - T2)

-t This is & Fortran format, column 1 being a left parenthesis, and

! w

} the last column a right parenthesis. It describes the following list:

» AR

Parameter ~ Variable e ose
Age 1 Integer *L Indicates age range
Age 2 " "
Mean Double precision Mean Income
(Real *8)
L —1t Median Income

F Median
STR " Starting est., for r

Thus, a sample format card might be: (214,3r10.0).

Card 2 - 9:

Values of this list for four age ranges for graduates, then for

drop-outs.

Subroutine Summary , -

Subprogram Purpose
MAIN calls all others; data read and written here

INTERP does linsar interpolation of incomes between age ranges (25-3U

centered on 30, 34-L4 centered on 40; so at extremes, in;Zr-
polation done Betyeen 0 and 30, and 60 and 6h)7- produces in-
come starting with age 27,

" NEWTON* Newton's method for evaluation of nonlinear function FR, whose

S arguments are MFAN, MEDIAN, R, and 7

r - -
See IBM Scientific Subroutine package.

.
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FR solve for r in terms of mean and median (equation 9, Appendix A)

DERF corresponding 1lst derivative

FA evaluates FX for income dividers (=.1 /fm FX)

Subprcgram ose
FX evaliates Pareto density for income divider .-lculation

(in terms of A and r)

corresponding first derivative

evaluates last income value, say X, where F(X), = .5 (l.—F(DIVio)),
DIV10 = 10th decile’ingome divider F(.) = Péreto density. Hence,

DERF1 is the corresponding first derivative.

PROGRAM PERFORMANCE , :

"For MBA data, requiring only 20-year income mafriqes,'G gec., of CPU

end 10 sec. of channel time were used on a 360/75. (Cost = $1.04).

Questions about this program should be referred to either R, Berner or

H; Johnson,




INCOME GENERATOR PROGRAM

C MFP SCHOCLS INCOME MATRICES
NIMENSION FMT(18),INC(10,4),YM(1D,40),YC(10,40)
_ i REAL*R MFANyMEDIAN,RyAyNIVI10) s INCoyXsEPSySTRyYC oY (2510440),MUILT,YM
NOURLE PRECTSICN FR,DERF.Fx.nBLF.OPRFl.xp.FA.FINc.nMAx1 ’
_ INTEGER AGE1,AGE2
EXTERNAL FR,DERF,FX, DERFI,FA,FINC
. DATA INyIDyIP /5,6,7/
QEWIMF 1
_ REAN (IN452Q) FMT
N0 191 L=1,2 .
WRITFE(69515)
on IQQ J=1,4
~ QEA)Q;N.FMT) AGE1yAGE24 MEAN,MEDTAN, STR
WRITE(TG,501) AGE1,AGE2MEAN,MEDTAN,STR
o IF(L, FQ.Z) 6o 1¢ 11l
'PS—.ln-
IENN=1)0
C CALC, R FRH“‘F(R) 0 w/MFwTON'S METHOD
X=0,n0
CELL NFWTON(R,FR,OFRF,STRLEPS,IFND,TER, MEAN,MEDXAN.X)
c ERRAR PETURNS .
T ‘ fF(!cﬁ 1Y 2,10,20
10 WRITE(10,502) TEND
CALL eXJT
20 WPITE(IN,533)
T S CALL EXTT T
C CALCULATE INCOME DIVIDER ARRAY
- T TASMEDTAN /(2 F6633T1"6567FTT““
* DIVIL)=A
WRTTF{6,504) Ry K
ne 30 I1=2,10
T O x=DIVIT=1Y T
TF(FN(AyRyX) oLEol.D~-1) 60 70 31 ’
T T NIV = A/(TT'T“U~11 -FXTA, R,X))**(l DOIR)T‘
= Pn Tn 30 )
C TF LnuﬁF‘TTﬂTT‘U"FEFTNTTE”TNTFTHIt‘UF'FIRETU‘DTSTTIFTT""Y“§ULvv
- C FIB)-F(A)=.1 FOR 8 W/ NEWTON'S METHOD

T STR=A#ORLE(ELOAT(TY)
CALL NEWTON(XP,FA,DERF1,STR, EPS,lfNDoIERoXvoR)

T o CIF(1Ee-1) 50451052

51 WRITE(104592) [END

~CALL FXTT

52 WPITF(1N,503)
T EALL RXTT ;

50 WRITE(ID,510) 1,XP
- B A 70 S REAR (b

30 CONTINUF

iy -

"D 40 T=1,9
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INCOME GENERATOR PROGRAM

" (con't,)

INC(T4d)= (ﬂ!V(IiiDIV(Iill’IZ no

-98-

NEWTON'?T METHOD FOR [AST TNCOME VALUE"V“FTVT““STI"FTDTVTTDTTT -

STR=NIV(10) +10.00

CALL NEWTQN‘XJFYNC'WEWrTTSTRvEPSvTFNDTYEF?UIVTTUT,]“RT““““"‘“'“‘ e

o

61

T

- == AAAgi-(‘;SO‘

WRTTE(TOS 503y T o

IF(1FD-1’ 60'61’62 3 . Femmtem
WETTE( T, 5027 TEND = -
CALL EXIT z

CALL FXIT

WRTTECTOSSTIY X~
INC(LGyI) =X

1
112
100

L AN EANED € 11¢)
o112 1=1,10

TRCUT o JYSNMEDTAN T -

(TNTYNHF —_— . B

e e e e s, —

WPITE (64512)

o e et o mene E—

100

WRITETE,5T3) ~ (KK KK=1,4)
N0 199-1=1310 o L

WRITE(6,514) I, (0INCT ;J)94*1v4)

CALL !NTEPP(LolNCoYM9YC)
-0 110 I=1,10 :
N 110 J=1,49

TIF(L . gQ 2} GO 70 115
Y LT yd) -Q“AXI‘Y"‘I’J’ 20.00)

TGO 1LY - S
115(Y(L919J’ = U“AXI(VC(!QJ’ +0:D0)

110

TTTTTTTI06

107

TONTINUE
IF(1.FQa2) GO T0'106

TWRITE(6,505)
GO TN 107

WEITE(E,506)
WRITE(69507:) (KK KK=1,10)

1ed

101

on 108 1= 1,40
11=1+24

'Hﬁ]TE(E—SOETATT'lV(L93 I7,J=17101

CONT INNE

S WRITECR U TOYTT ToK Yy RE T, 4015 J5 T3 10T, T=152)

REWIND 1

T XSTAPTING GURESS FOR RV, FIO0LZT

T TS00 FURMATITAAGT

WRTTETE,509)
CALL EXIT

S01 FORMAT(10AGF RANGE® 13,7 TO'¢13/1Xe*MEAN?F10424° MEDIAN'.FIO 24"

502 FORMAT(? 0 NO CONVERGENCE AFTER®o14,*ITERATIONS,: TRV NEW GUEQS.')

© 624 FORMAT('O PA"AMETEQS R* 402010, A'oDZO 10}

')
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INCOME GENERATOR PROGRAM
con't.

T 505. FORMAT('1 INCOME MATRIX FOR MENTCAL GRADS VY o T
S06 FNRMAT(¢] [NCOME MATRIX FOP MEDICAL OROPOUTS?) ’
T SOT FORMATIYG DECILEY,TOUBX, TZ4X)/'0 AGEYY T T e
. 508 FFORMAT (4X912,1X,410F12,2) ) -
ST FIRWAT(Y TNUOME WATRICES DN TUNTT 1' 60x10x2'1
510 FOPMAT (10,13, D DIVIDER CALCULATED BY- NENTON®*5 METHOD -'.nzo.lo
"y 22 :
: 511 FOPMAT(I0LAST INCOME VALUE (MEDIAN) BY No METH. ='.ozo.10l
e B2 FOPMAT(YY INTERPALATED INCOME MATRTX'Y
- 513 FNRMAT(VOAGE RANGE ¢,4(10X,12, 8x1/'ooechE')
_"—_STI.—FFTWAT(M'H,KDZU.w)
i) i FORMAT('!') :
e T ey . S - . e
B . SUBFAUTINE INTERP(IFLAG; INCsYM,YC)
TTUUTTT T RFRRALAR R, F“TST.X“U“TNtTTU“?T“YﬂWTU”KUT?YCTTU}CU) —
D0 190 1=2,4 . . , 4 -
LA &1V E2 T3 £ ‘ -
) M= (WC(J,I) ~INC(J, 1~ 1”/10.000 }
T CISTETRIGF20T T o I
Y “BINC(Jy F)-M%IST - L
s : ntrv%awmqnmcf“ﬁ‘+“1*""" o - . D
: - LI=111-9 ) : -

T
O gy 11

E TFUT.E044) 111= I§T+.4DO+4.DO _
B - tooor xErn,IIT S s P e
- X=K ‘
T T o 'KK K=24 T
 Q=NM*XeB ; )
T WRITE (6 500 My RO — — — -
C 50C FORMAT(S M=¢,020.10¢% B=14020,10," o='.nzo.10i : v
T T IR(TFLAGJEQSTIGO-TO 1027 - e
YCLJkKD=0 : - , g

— rn o101 - - .
102 YM(J,%K)=0
101 CONTINIE
100 CANTINIE ~ : : -
- RETYPN —
TEND
S suacourgws NEWTON (P oFR,DERF 4STR,EPS, TENDo1ER,MEAN, MENTAN, Z)
REALXE  PyXoAs&)STR,EPS,TOL ,TOLF 157 (MEAN,NEDTAN, 0,7
__DOUBLE PRECISION FR,DERF,DARS,DERF],FX
T EXTERNAL DERF
_1ER=0
“R=STE
TO0L=P

' TOlF 100.0D0*EPS

o




INCOME GENERATOR PROGRAM

con't,

s

e tnep

CND 6 I=1,16ND

IF(FP(MEANJMENTANGR92).EQs0.00) GO TN 7

C ~NNT CATTSFISN FP=0 AY R
) , ¥ IF (NERF(MEAN,MFOTAN, ReyZ)) 2482
c TTEQRATIAN POSSTSLF T

2 IF(PEDF(MEAN, MEDTAN)RyZ)oGEe1.010) G0 T0 10

e pR-rp]foﬁjﬁrﬁiﬁﬂﬁ§ﬁ117ﬁfﬁr‘ME"NTMEDIAN’R'Z'

RRﬂQ

—TnL=R
€ "ACCUPACY CHECK

- TOL=EP§
0=NARS(R)

CIFER-T, 0100 4,%,3
3 TOL=TOLEA

= 4 TFUNARSTDRY=TOLT 5:5.6
5 IF(NEASEFROMEAN MENTAN Ry Z))=TOLF)T4746

T 6 CONTINGE
c ENR LCAD

T mf&yﬂt COANVERGENCE T
1£2=1 )

T RETIRN —
€ 7ER0 DERIY,

SRTJFP=2
RETURN

ﬁ"““”"'“t€7F$ﬁFFT1HEINT¥FDTIN}HTIT_‘“”“‘"""
: "WFI'E(6.11, Pyl -

“CALT _EXYTY -
11 F“RMAT('ODE°IV. ='9020.10/* X?9D20.10)

TEND

DNIRLE PRECISION FUNCTION FQ(MEAhoMEDIANoR,Z)

TREAL*R MFEN,MEDTAN,R,Z -

FR=R* (MEAN-MEDTAN/(2,000%*(1.0D0/R)))~MEAN

T "RETURM
END

< BeRLE PRECTSTON-FUNCTTON' UFRFTHEIN"WEUUN'

DCUSLE PRECISION DLOG

R - ‘UFAL*F VEFAN, ﬁ"mﬁn—' W]'Z
TWN=2,0C0%**(1.,0D0/°) -

“FWF TREAN= ‘EU!KFW'“U' "EU!]N'DEUG!Z UDU””R"W'"

RETURN

. ,ﬂAA;,ENr,ww_"ww_ - U .

NOYRLE PRPECISION FUNCTION DERFI(MVANQAQXQF'

- - DOUBLE PRECISTONDLDG
RFAL*E MFANQMED!ANQXQAQ

U T WFTTFT6437T RyAs X -
DERFLl=(RE(A/X)%%(R~ l.DO))*(A/(X*X))

- T C  TWRITEl67,4) NERFI
RETURN
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INCOME GENERATOR PROGRAM L
(concl,) -
€ 4 FNRMAT('ONERFL =*,120.10) . _
€T3 FRPMAY( e =7,020.10/° A =¥,020.10/* X =*,D20.10)
END
) "DEPLE PRECTISINN -FIINCTION FX (A R XY~~~ 777 7 i
C REAL*8 A,R,X .
IF(x.tT AY GO TN 100
- X=—((A/X)*%R) . o R
T ico TH 101 T o ,
o 100 FX=0,0N0- - o o
TTTUTAT CONTTNNE T T T T . T
c 191 HRITElb(IOZ) FX - .
c? =7,020.10) ] i - T
. qsruqm , : .
. ) TEND T T T = T T
‘- neyyRg € PQ"!SION FUNCTION- FAtx,A.xp.R) .
E g T T - ONURLE PRECTSION FX oy XyRyAXP ™ - TorTTTTTTTT e o
. FA=FX (A, R,XP)-FX(A.P,XD 1.D-lv . o . 5
T UTWRITETS,IT A : — E
C - 1-FPPMAT('0FA =',D20.10) - :
Tt T E"UR‘R T T T o
, T EMD

Tt AGURLE vwFtTSIUN“FﬂNtTrUV“rINt1n.A;x;H)
DONALE PRFCTSTION -FXyXyAgRyDy FXXoFXDIV ﬁ — )
T T TTRINPEFRUAGRy XT¥ . 50-1 a
FXX = FX(A4RyX) -

T T RN T VEFX (A T D) : T
C WRITE (641) XeD,FXXoFXDIV,FINC ]
TTTCT T‘FnuUATT'DV“T““?U“TD.T_DTVTTUT“T”DZU‘IU‘T‘FXTXT"T"UZU“TU‘T—FXTUTVTT’““'”’”
= C - X0))=yN20.104/20FINC=,020.10)
= " RETUPN
- FND
//?ﬁf?TOIFﬂOT'ﬂD"ﬁTﬂT“UfSﬁﬁSNmU“F51U?"“FUTWC"UTSP"TWEU"CIT[C_UEEETFT*"“w“' o
1/ SPACE={TR¥y(241)4yRLSE)yOCR=(PECFM=VB,BLKSIZE=3204)
_'““ﬁ’/7TF"?TCY¥ODI'DU"HSN‘U“PSIU3TFEDINC,DISP SHR T
//GroSYSIN DD * )
) TSXs 129 1X9 1293+ 10,07 - T
" 2534 8990 4811 2. -
TUTTT TR RS SeGT TT 23302 19491 2. - - T
. 45-54. 25045 20788 2.
T T T UeRL R T 21499 TOYHRY Ze e
25~34 6421 - 6421 2.
A5=%% —B569 — 8569 2. p
45-54 3949 8949 2.
T T 58SRG T T BISST "IGS 2, T T
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INCOME INFLATOR PROGRAM

J/60.SYSIN CD %

/PROGRAV

REAL INC (10,400, INTFR(10,3)
QEAN (5,900) ((INC(I,J),J= =6+36+101,1=1,10,1)

900 FORMAT (4F10.0)

oC 10 I=1,19

INTER(T 1) =(INC(Ts161-TNCTT, 6))/10.0
CINTER(1,2)=(INC(T,261-INC(1,16))/10.0

CINTER(T,3)= (INC(!.36)-1NC|!.26))/10-
10 COMTINUE

nO 50 I=1,10,1
D1 20 J=1,5,1

K=6=J
INCUToJI=INC(T,6)-(INTER(I,1)%*K)

26 7IF (INC(1,0) U7, 0.0) INC(T,J1=0.0
NN 25 J4=17,15

K=J-6
25 INC(I,J)= IN’(!.6)+(!NT€R(Iol)*K)

30 D%l!.Jf”TTﬂ?TT"VTTNTfWTTTH-VT_' '

no 39 J4=17425
K=J-16

NN 35 J=27,436

K=J-26

35 INC(1,0)= !NC(I.26)4(IN7°R1103)*K)

NN 40 J=37,40
K=J-36

40 TNCTT 3Y=INCUT, 36V +(INTER(T, Sﬂi i)

50 CONTINUE

WRTTE (6,9057 (Jol!NC(loJ,ol’loIO)oJ=To40)
ALOW=({1.07)%*11)%1,06

TTPRINT,RLOW
DO 55 I=1,10
00 554=1,40"

RS S —




55

INCOME INFLATOR PROGRAM
conci,

INCUT o J)=INC (T, J)#BLOM

WBTTE (649050 (J. (INC(Yole!SIDIOIoJ 1,407
PO 80 1=1,19

TINC(T, 2= INCTT, 2V (T.08)
[HC(T42)= INC(1,3)%(1.08)%(1.07)

TIN5y = lﬁtTYob)iTwaﬁTiTT“571‘(l 067
BLOW=1,08%1,07%1.06

70

DR e
i 3

Q06"

TTENDYTT T T e

/G0

PRINT,BLOW
_hn 70 |-5’40

!NC(!;J) INC(loJ)*BLOH*{(l , 00 ) *%K )

QU“ttNTTNUc

WRITE- (6,905’ (Jo(INC(!oJ)oI =14910),J= lo40)

REYA L
#RITF (79906’ ((lNC(!oJ)oI-lf!Ool’oJ 194091’

FGCRVAT fﬁFl0.0!
sSTOP

T TSEUS, TE640: T30S,

3T5T,
3393,

16360, . 17299. 13688,"

3688, TIT009 T TR07 3. T 14404,

4057,
" %538,
5194,

17859, 19002, 15269,

TTTTITRIURE 201497 T I634 7,
20256, . 21621. 17749,

6161,
7784,

" 11389,

22078,

22095,  Z235%7T. . I9693.
263746 26709. 22693.

'10062:“““%12?33:"‘“28520;
42491, 46300, 42998,
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APPENDIX F: _HOW TO USE.CASH-FLOW COMPUTER PROGRAM
AXD COMPLETE PROGRAM LISTING

v'i'ﬁis' program is constructed to compute cash flow ;.abies for any
parameter combination i;x;our "semi..-conve’nta',bnal" "fully-contingent"
or "partially contingent" student loan‘ programs, It has the capacity
to solve for, by an iterative process, several different parameters
in eacl; of the-threé loan programs, This iterative process usually
-converges rather quickly (2-5 iﬁeréti,oﬁg) énd is terminated after 60
iterations if a parameter COmbir;at;;;)n is’ini;easible.: _The p,ﬂrogram:;r

allows you to "stack" pztoﬁleins in which any input parameter may be varied

i(incluain’g the type of program - semi-conventional, fully or partialiy
contingent ). 7 : .
7 i The program is written in Fortran-IV, réq\}ir'es 60K Bytes of core
_on an IBM 370/145 and takes approx;mfely .1 to .5 .seconds pez: problem; -
.- (depending of course -on the paramef;er chgicés and number of interations
.- " required). :
It is strongly suggested that the user examine closely -the program
" 1isting itself, since the extensive use of comment cards \;ithin the
program covers the program logical flow more exhaustively than will this’
documentation.
= The required input to the program is very simple: One "data design"
— card vhich describes the general ﬁesién to be in effect for the entire run,

- one "survivel rates" card which adjusts results for deaths of borrovers

“before the satisfaction of their loan obligation), a series of "income

matrix™ cards and one or more "problem parameter" cards which set all re~-
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maining parameters which are likely to vary from problem to problem, If

the user is working with semi-conventional schemes only, income matrices

are useless and a program bypass should be inserted to skip the readings

~ of the "income matrix" cards.

The card layout for the data design card is:

CC 1=2 |DEC =

CC =9 GRDDEC

CC 11=13 DODEC

CC 14=15 GRDYR

CC 16=17 DOYR

CC 18-26 LOANYR

- e MRS R ——y

# OF CATEGORIES IMTO WHI!CH BORROWING COMORT |S DIVIDED
(IF USE DECILES, EQUALS 10)- :

# BORROWERS IN EACH CATEGORY (DECILE) WHICH TAKE ouT

‘EQUAL -LOANS. FOR THE FULL. ‘BORROWING: PER10D: (WE "USE 9.1, .

IMPLYING 91 % OF ‘EACH: DECILE ‘OF 10 BORROWERS ™ GRADUATE)
2 BORROWERS IN EACH CATEGORY (DECILE) WHICH TAKE oUT

EQUAL- LOANS- FOR ONLY PART (E.G. 1/2) OF THE BORROW!NG

“PERIOD ' (WE USE_.9; IMPLYING A '9:°% DROPOUT RATE)

LENGTH OF BORROWING PERIOD FOR "FULL-TERM" BORROWERS
(GRADUATES) .

LENGTH OF BORROWING "PERIOD FOR "PARTIAL-TERM" BORROWERS
(DROP=-2UTS) :

LOAN TAKEN ouT PER YEAR T NOTE THAT BOTH FULL-TERM
AND. PART-|AL~TERM: BORROWERS ARE ASSUMED T0 TAKE THE
SAME - EQUAL ~ YEARLY LOANS)

36-38 UPINC = # OF YEARS WHICH MUST INFLATE INCOME DATA. FOR PART1AL TERM.

BORROWERS SO THAT THEIR YEAR 1 ‘INCOME WILL BE CORRECT

( E.G. IF MAKING RUN WHERE THE FIRST. INCOME FIGURE INPUT
FOR PARTIAL~TERM BORROWERS IS 'FOR 1970 AND NEED 1973

AS YEAR 1 TO BE COMPARABLE TO -THE FIRST- YEAR OF INCOME
DATA INPUT FOR GRADUATES, YOU WOULD SET UPINC TO 3)

NOTE : ONCE FULL AND PARTIAL-TERM ‘BORROWERS' INCOME

MATRICES ARE EQUIVALENT, CAN THEN INFLATE THEM BOTH

; =T
CC 39-41 YRINCG =

~ CC 42-k4 YRINCD =

PROPERLY -

# OF YEARS OF INCOME DATA TO BE INPUT FOR
FULL TERM BORROWERS (GRADUATES)

# OF YEARS OF INCOME DATA TO BE INPUT FOR PARTIAL-
"TERM BORROWERS (DROP-OUTS)
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DATA DESIGN CARD - continued

DECIMAL PERCENTAGE BY WHICH BORROWERS |INCOMES SHOULD

CC 45-48 XINFLA
BE INFLATED DURING THE PERIOD SPECIFIED IN UPINC

]
L]

CC 53-59. CONVG = CONVERGENCE CRITERION : MAXIMUM PERMISSIBLE TOTAL

OUTSTANDING- DEBT FOR THE BORROWING COHORT (#/-) - USED
TO DETERMINE WHEN TO STOP THE ITERATION

DEC IMAL PERCENTAGE BY WHICH THE CROSS-SECT IONAL INCOME
MATRIX WHICH WAS INPUT (AND INCREASED BY XINFLA) MUST
BE INFLATED IN. ORDER TO. GENERATE AN INCOME. MATRIX . FOR
" EACH YEAR OVER. THSIR REPAYMENT PERIOD < SHOULD BE SET TO
ZERO IF WANT INPUT THIS INCOME-OVER-TIME MATRIX DIRECTLY

" .CC 60-64 INFLAT

A BT

Special notes on ’t_.he data design card:
(1) IDEC, GROYR, DOYR are integer variables and thus skould be
- right-justified with no decimal point :
(2) A1l other varisbles are floating-point (real) and should in-
— ) clude decimal points '
(3) UPINC will normally be left blank
(4) INFLA slso uséd to inflate full-term borrowers' incomes appro- -
priately over the period where partial-term borrowers have’ i
quit borrowing, but fu.'I:l-;termers are still going (example - drop-

- outs borrow 2 years, graduates 4 years, so *graduates' incoméa: must

be inflated 2 years to position them 2 years' past. the drop-cuts)

|
gl b g e
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The card layout for the "survival rates" card is: -

CC 1-6 SURRAT(1) = DECIMAL PERCENTAGE OF BORROWERS WHICH ARE ASSUMED T0
BE ALIVE (AND THUS ELIGIBLE TO REPAY) THREE YEARS
AFTER FULL-TERM ‘BORROWERS QUIT BORROWING (OR FIVE
‘YEARS AFTER PARTIAL-TERM BORROWERS) (E.G. WE USED-
RATE FOR 30 YEAR OLDS SINCE. FULL=TERM- BORROWERS ARE
ASSUMED TO QUIT BORROWING AT AGE 27)

N

cC 7-1?2 SURRAT(2) DITTO - 8 YEARS AFTER FULL-TERM BORROWERS QuIT

BORROWING

13 YEARS AFTER
. ETC.

CC 13-18 SURRAT(3)

.

CC 49554 SURRAT(9) = 43 YEARS AFTER : =

NOTE : IF IGNORING DEATHS , SET ALL THESE TO 1.0

Fote thst these rates are someévhdt specific to our design in that they

-

assume that pa.rtial'-teﬁn borrowers quit —borrowing,e _years before full-

term borrowers - see GRDPAY and DOPAY computations if want- trra.lter this.

7'If choose to ignore loan defaults by death of borrower, set all these

_survival rates to 100% <(1.0).

The "income. matr’ices" cards have the following I:ormo.t:
(1) Full-term borrowers (GRAOS) - Format = (5Fi0.0) - -
Thus we had 2 ca.rds for each year of income data (see- YRINCG
on data design.card) Deciles 1-5 on the first ca.rd, deciles w
6-10 on the second card. Users should probably change format

if not working with ten income classes.
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Partial-term borrowers (drop-outs) - Format = (8F1D.D) -

Since we use equal incomes for all drop-outs within a single

year, need input only one income figure for each year. Thus,

the incdmes for years "2 on card 1, incomes for years

9-16 on card 2,°ete. For all years of income data being

input for drop;ouxs (=YRINCD on "data design" card) users

should change this format aﬁd the read statement itself if -

want to break partial-term borrowers down by income category.

\Y

The "problem parameter” card has the following layout:

[ —

GRACE PERIOD ; # OF YEARS AFTER.LAST LOAN BEFORE

GRACE =
‘REPAYMENTS MUST BEGIN
'YRPAY = LENGTH OF REPAYMENT PERIOD ( # OF YEARS )
IFIXED = DOES THIS PROBLEM USE A MSEMI - CONVENT!ONAL" QR FIXED-
REPAYMENT- SCHEME ? ( YES =1) . :
ICONT = DOES THIS PROBLEM USE A "FULLY- ~CONT INGENT" RéPAYMENT 7

SCHEME ( YES = 1 )

IPART = DOES THIS PROBLEM USE A WPAerALLvéboﬂT[NGENf" REPAYMENT
SCHEME ( YES = 1) . _ . .

ITAU. = SOLVE FOR INCOME TAX RATE ( TAU ) % ( YES = 1 )

ICOUP = SOLVE FOR RATE=OF<RETURN IN A FIXED REPAYMENT SCHEDULE .?

( YES = 1/2) (IF EQUALS 1 IN A PARTIALLY CONTINGENT
SCHEME , WILL SOLVE FIRST FOR START.ING PAYMENT, THEN FOR
COUPON RATE SEE TABLE BELOW ) : ; :
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PROBLEM PARAMETER CARD - continued

REPAYMENT SCHENE ITAU ICOUP VARIABLE SOLVED FOR

TI232 2122132222222 TN 2 T ey ey F Y P PO TR T T T T T

SEMI-CONVENT IONAL 0 0 ‘START
SEMI-CONVENTIONAL 0 2 INRATE (COUPON)
FULLY-CONT INGENT 0 - INRATE (RETURN).
FULLY-CONT INGENT 1 - TAU

{ PARTIALLY- CONTINGENT 0 0. INRATE (RETURN)

: PARTIALLY~CONTINGENT 1 - TAU
PARTIALLY=CONTINGENT =~ 1  START-INRATE (COUPON)

CC 15-24 TAU = INITIAL, GUESS AT TAX RATE ( MEANINGLESS IF IFIXED = 1,
. WILL REMAIN AT INITIAL VALUE UNLESS ITAU = 1)

CC 25-34 INRATE = RATE-OF-RETURN- ( INTEREST RATE ) IN ANY OF THE THREE
PROGRAMS ( IN PARTIALLY -CONT.INGENT SCHEME WILL EQUAL
TOTAL PROGRAM RETURN WHILE SOLVING FOR THE STARTING
PAYMENT OF THE FIXED REPAYMENT SCHEDULE , THEN WILL
EQUAL THAT PROGRAM'S COUPON RATE AS THE DERI!VED STARTING
PAYMENT SCHEDULE 1S PLUGGED INTO THIS SCHEDULE )

OPT=0UT RATE ; RATE OF RETURN ‘REQUIRED FROM A BORROWER
WHO SATISFIES HIS REPAYMENT OBLIGATION EARLY

( BEFORE END OF SPECIFI-ED REPAYMENT PERIOD ) - IN A’
FULLY CONTINGENT PROGRAM- ;- NOT -USED IN EITHER THE SEMI-
CONVENTIONAL OR PARTIALLY CONTINGENT SCHEMES

CC 40-45 OPRATE

CC 50-60 START PAYMENT MADE IN THE FIRST YEAR OF THE REPAYMENT PERIOD
. *BY ALL FULL-TERM BORROWERS. ( 1.E. GRADUATES ; DROP=QUTS
PAY HALF OF TH!S.SINCE ONLY BORROWED HALF AS MUCH )

NOT USED IN FULLY~- CONTINGENT PROGRAM-~

ANNUAL DECIMAL PERCENTAGE GROWTH OF PAYMENTS IN

. FIXED REPAYMENT SCHEDULE (IN- SEMI-CONVENTIONAL SCHEME OR
AS ONE OPTION OF PARTIALLY CON 'INGENT PROGRAM)

MARKER FOR PRESENCE OF ADVERSE SELECTION CARD

(T = YES, F = NO ) ,

 ¢C 65-7D GROW

CC 78  1ADV

“ “

cc 7a PRTINC DO YOU WANT INCOME MATRICES PRINTED ? ( YES =1)

cc 79 isTop

STegslTERATIVE PRQCESS AFTER FIRST CASH FLOW COMPUTED ?

CC 74  PRTDEC

7 . : , NO
DO YOU WANT CASH FLOWS PRINTED FOR ALL DECILES ? (WlB=1)
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COMPLETE PROGRAM LISTING

THIS PRUGKAM MAY BE USED TO GENERATE THE CASH FLONS WHICH RESULT FROM
" VARIGUS ASSUMPTIONS ABOUT THE FINANCIAL ENVIRONMENT, STUDENT PARTICIPATION, =
ETC. ENCUUNTERED IN A MEDICAL STUDENT FINANCIAL AID PROGRAM. THE PROGRAM ALSO
TTHAS THE ABILITY TO VARY ONE'PA"RANETER._HULWHL“UTHER’S'—CUNSTW'
UNTIL TRE AID PROGRAM 1S VIABLE 4 leEe * BREAKS EVEN " IN THE SPECIFIED

TTNE PERIUD. T RAN - :
- SCHEMES ¢ (1) A NVENTIUNA SCHEME HHERE REPAYHENTS GRON AT A .
C "SPECTFIED CONSTANT RA‘I’E OVER THE kE“PAVKENT—P'E‘R'IOD_. (2Y A SCHEME WHERE  ~—~— -
REPAYMENTS ARE DETERMINED SOLELY 8Y APPLYING A CONSTANT TAX RATE TO THE ’

P _EDRRU"ERS INCOME OVER THE REPAYMENT PERIUU » AND (37 A~SCHEME OF PARILAI
C CONL yWHERE EACH BORRDHER REPAYS EACH YEAR EITHER THAT AMOUNT REQUIRED

p
-
-
-
-
-

LY

[}

()(‘

c ,
C"—”_TF “ITERATION TS DESTRED IFIE USER WILT sucmmtmmnmns

ZgN| : *"TIT_SUtVES'FUR*THE“1N1Trtt—pEVHENT——Tu—wntcn"rne~-—~~
C  GRUNTH RATE MAY. BE APPLIED TO GENERATE THE TOTAL SERIES OF REPAYMENTS

C UR (B) SULVES FOUK TRE INTER . v 61 “STARTING PA
C AND GRUWTH RATE OF REPAYNENTS

(e e e

C (2) FULLY CONTINGENT SCHEME - (A) SOLVES FOR THE TAX RATE WHICH IS NECESSARY
T TU ACHIEVE TNE DESINED RETURN UR (BJ TRE INTEREST RATE WHICH CAN BE CHARGED,
C REPAYHENTS GIVEN a TAX RATE

C n
cC  (3) PART]ALLY comrxggeur SCHEME _ :

C ’ S
C

(A) SOULVE FOR THE RETURN GENERATED,GI VEN A TAX RATE AND A CGNVENTIONAL
T REPAVYMENT SCHEOULE :

c .
[ {B) SULVt FUK Rt IAXWWW
C. CCNVENTIONAL KEPAYMENT SCHEDULE
C
C

(C) SOLVE FOR THE STARTING PAYMENT CF THE FlXED-REPAYMENT SCHEDULE,
T THREN FUR THE INTEREST RATE TMPUTICIT IN THAT SCHEOULE ;

Cc

T~ THIS PRUGRAM nuuwﬁs‘mﬂu—ﬁemwwmﬁ__
_ C . _

T PRUGRAM VARTABLES™ - T T T
C

C A. FINANCTAL=ATD PRUGRAM KEVS? - -
Cc

T 1. COCNVENTIONAT

C Ao ITERATING FUR STARTING PAYHENT - SET lFIXEDsl.ICUNTsO.IPART=0.

T T ITAURUYICOUPETD "‘
C Be ITERATING FOR RETURN = SET lleED=1.ICO NTsO.IPART-O.lTAUtO(ICDUPsz

T "2+ FULLYCONT INGENT . R -
C A. lTERATINb FOR RETURN - SET lCONT=l.lFIXED=0.lPART=0.ITAU=0.ICOUP=0

TURN ne b1 - L #4 R -V ¢ [] [

C 3. PARTIALLY CUNTINGENT / -

C AT TTERATING FUOR RETURN = S’E“l‘“t?tkf"t sIF AG=OICOUP=0—— - -
C Be ITERATING FOR TAX RATE ~ SET IPARTshITAU-I.ICUNT-O.!FHEWO.ICGUP-
C = Ce T TTERATING MWWH

C ‘ ILDNT=O:1FIXED=O.lTAU=O.lCOUP =]l

G e e o e

]:R&(j C C. INCUME DATA (INPUT VIA DATA CARDS)
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A sample input deck for a run with 3 problems might be: -

| PROBLEM PARAMETER CARD #3
~ PROBLEM PARAMETER CARD #2

o

PROBLEM PARAMETER CARD #1 ‘
DROP-OUT INCOME MATRIX CARD

GRADUATE INCOME MATRIX CARD =

SURVIVAL RATES CARD

DATA DESIGN CARD




e N . -
C le DUINC - INCUME BY DECILE FGR CRUOPGUTS FROM AGE 25 TO 64 (1970-2010)
2« GKDINC —INCUME BY DECILE FOR GRADUATES FOM AGE 27 TO 64 (1970-2008)

le

-112-
Do REPAYMENT VAKIABLES :

le DCUNT - INTERMEDIATE VARIABLE wHICH SPECIFIES A REPAYMENT REQUIRED

FRUM A CkUPUUT UNDER CONTINGENCY CPTION o
2+ DFIXEC - INTERMEDIATE VARIABLE WHICH SPECIFIES A REPAYMENT REQUIRED
TFROM A CROPUUT UNDER CONVENTTONAL REPAYMENT SCHEME ~
3o DOPAY = FINAL PAYMENT ARRAY CONTAINING ACTUAL REPAYMENTS TO BE MADE

bY DRUPOUTS IN EACH GF THE TEN DECILES‘TN EACH UF THE YEARS UF THE AID

PRGGRAM
" 44 GCONT - SEE DCONT (GRADUATES) T
S5e¢ GEIRED -~ SEE DFIXED (GRADUATES)

"T"6e GRUPAY - SEE DOPAY (GRADUATESY — -

|
1

o Olooloo

|
t
|
1

HOY OV O O

Ee CASH—FLOW VARIABLES
" le CFLOW ~ TOTAL CASH FLOW (REPAYMENTS LESS NEW LOANS AND INYERESY DUE) FOR
YEAR .
. 2 INTDUt - INTEREST DUt AT |FE*?NDTUFNTEE“YEKR"UN_FKFrTHﬂﬂﬂT“?FESENTTjﬂUT“’*7
) AND PAST BORRUWINGS TO. MEET INTEREST CHARGES
3.41CAN - LUAN EXTENUED Al -THE BEGINNING UF THE YEAR
4e GSDEBT - OUUTSTANDING DEBT AT THE END OF THE YEAR
5, PKRINPD - THAT'FURTTUN'UFTYFIRSMREFIYM_N_S_WHTCW_KRE‘KFPKTEU_TU"THE" T
DbTSTANDING PRINCIPAL OF THE LCAN.
6o REPAY "~ REPAYMENTS MADE AT THE END UF THE YtEaAK
7. TOTLON - TOTAL LGANS EXTENDED (PAST AND PRESENT)
8. TUTPPD - TUTAL PRI} PAlD PAST - w0C iU rRuUm
BASE ON WHICH INTEREST MUST BE CHARGED)

F. MISCELLANEGUS VARIABLES :

*cwn“\rsncwrsb

le BORR -~ TUTAL # OF BORROWERS (GRADUATES AND DHOPOUTS) PARTICIPATING IN ,

oqnd
u

CCAN PRUGRAM

2e DEATHD¢DEATHG — CUMULATIVE # OF DEATHS FOR EACH YEAR AFTER REPAYHENTS

" BEGIN FOR OROPOUTS ANC GRADUATES —— = ——~ -

3. ENDPAY (ZLAST) - LAST YEAR THAT REPAYMENTS WILL APPLIED TO CASH FLOW
CALCULATTUNS’*

4e IMARK,JMARK — ARRAYS WHICH KEEP TRACK OF WHICH DECILES EXERCISE

T_______tUNTTNBENC7_ﬁ?TTUNFTWEEﬁ?=?TﬁTTTfT7=tﬁﬁTTﬁ??ﬁT‘?????ﬁ?ﬁ?‘Sfﬂfﬁt tFOR
GRACUATES AND DROPOUTS) _ - -

5. LASTD :'LKST“YE]R"UF‘REPIYHENTS'FtR ‘DROPUOUTS —

6. LASTG -JLAST YEAR OF REPAYMENTS FGR GRADUATES -

C 7 7. OF -~ CPT-0UT RATE EXPRESSED AS A PERUENT

c Be OPYEAR - YEAR IN WHICH EACH GRADUATE CECILE OPTS OQUT

C J¢ REWRT ~ INTEREST RATE (RETURNT EXPRESSEU AS A PERGENT

C 10 SAVE - THE FINAL OUTSTANDING DEBT RESULTING FROM THE PREVIOUS ITERATION

hohnndnﬂﬁnnqnnbh

-

ﬁ(}ﬁ

-C 7 TI. SURVD,SURVG - INTERMEDIATE VARTABLES INDICATING # OF SURV'VORS

C AT BEGINNING OF EACH OF THE FIVE YEAR "DEATH PERIODS" - U..:0 AS
T~ 7T BASE ON WHICH DEATH RATES ARE APPLTED B
C 12. xbRUN -~ GROWTH RATE OF CONVENTIONAL REPAYMENT SCHEDULE EXPRESSED AS A
C PEKLENMI - ]
DIMENSION SlN(Z).SST(ZT.STAU(&) -
TTTTTTREAL.T TLOANYR, INRATE,CUBANI%0) s TNTOUET40) y INFLAT -
INTEGER GRUUP(10)s0GCP (L0 )y PRTINC,PRTDEC
INTEGER GRATE, YRPAY,UPYEARTI OV yENDPAY yUPINCTGRAC
INTECER GRCYR9DOYRy YRINCGyYRINCO ~

T OTRENSTGN GRUTNCTIU3%0 1, OCINCTI07%0 ) CROPAY t 10340 15 DOPAY I TO#0
1 REPAY(40)yPRINPD(40)CFLOW(40) jOSDEBT (40)

T TDTMENSTUN SURRAT (91, DEATHGT 40 )3 DEATRD (%03~
DIMENSION TEHP(SoZS)




e - [ — e ———— C e e— — . e et - - -

 UIMENSIUN IMARK(10440) .
DIMENSICN JMARK{104407
DIMENSION W(10)

LOGICAL laAuv T T Y b A T
z DATA DESIGN CARD
¢ T ———
C 77 CC 17 1DECT =7 # OF CATEGORTES IMTU WHICH BURRUWTNG‘CUHURT“rS‘DrVIUED""“'"
C UIF USE DECILES, EQUALS 10)
SRR S b e A
¢ CC 4=9 GRDDEC = # BORROWERS IN EACH CATEGORY (DECILE) WHICH TAKE OUT
C EUQUAL LCTUANS TUK THE FULL BURKUWING PERIUD (WE USE J.19
¢ IMPLYING 91 % OF EACH CECILE GF 10 BURROWERS GRADUATE)
£ e e -
C (C 11-13 DODEC = # BCRROWERS IN EACH CATEGCRY (DECILE) WHICH TAKE ouT
T T T T EQUAL LGANS "FOR ONLY PART (EsGs 1727 OF THE BORROWING "~
C PERIOD (WE USE <9, IMPLYING A 9 X OROPOUT RATE)
-
C cc 14-15 GROYR = LENGTH OF BURROWING PERIOD FOR "FULL-TERM® BORROWERS
C T T I GRADUATES S -
C <
T CC 1617 DUYR = LENGTH OF BURKUWTNG”PERTUU“FU‘“'?1R1TIt‘TEﬁﬂ""ﬁORROwERS”_"”
C _ 7 (DROP-OUTS) 7 ‘ ] -
c .
C cc LB-Zb LUANYR = LUAN TAKEN QUT PER YEAR - NOTE THAT BOTH FJLL-TERM
[ - "‘AND“PARTIAL—TERM'BURRUHERS“IKE“ﬁSSUHfD‘TU“TtKE’THE -

SAME — EQUAL - YEARLY LGANS)

36-38 UPINC = # OF YEARS WHICH MUST INFLATE INCOME DATA FOR PARTIAL TERM
—  BURRUWERS SUT THE - :
( E.Go IF MAKING RUN HHERE THE FlRST INCOHE FIGURE INPUT
- “ﬁ_FUR"?ﬁRTTtt“TfRM“BORROﬁERs'13“fﬁﬁ—T970“tﬂﬁ“ﬂffﬁ—f??3_—__“_"“'
AS YEAR 1 TQ BE CﬂﬂPARkBLEﬂTU_THE*F1RST YEAR OoF INCONE
** *““MJ__UKTI*TNPﬁT*ﬁﬁﬁ;ﬁﬁiﬁﬁif“"’“‘“’ 3y
NGTE : ONCE FULL AND PART‘AL’TERH BORRONERS' INCOHE

PROPERLY

CC 39-41 YRINCG = # OF YEARS OF INCUME DATA TU BE INPUT FOR

FULL TERM BORROWERS (GRADUATES) e

LU 4c~44 YKINLU = YUl TUR
TERM BORRURERS (DROP-UUTS)

CC 45-48 XINFLA = DECIMAL PERCENTAGE BY WHICH- BORROWERS INCOMES SHDULD
BE lNFCITEU‘UUKTNG“THE_PEﬂTOO—SPECTFTfp_TN—QPfNC

CC 53=59 CUNVG ‘5;CU*VERGfNCE‘C“TTE”TUV—'1ﬂnﬂﬂnmr?GRﬁTSSTﬂtf_Tﬁth
OUTSTANDING DEBT FOR THE BORROWING COHORT (#/—0 — USED T

——— " OUTSTANOING DEBT "FOR THE BORROWTNG CORORT t+/=)1=USED———
\ TO DETERMINE hHFN TU STUP THE ITERATION

- e e —— AN W — o e e o

CC 6U-64 INFLAT = DECINFAL PERCENTAGE BY NFICH THE CROSS-SECTIONAL INCUHE

MATRTX R ICHWAS INPUT (AND—INCREASEDBYXINFLATMUST————

BE INFLATED IN ORDER TO GENERATE AN INCOME MATRIX FOR o

o e ACH Y EAROVER - THET R REPAYHENT PERTOD ~—SHOUL O BESET-TO—— -
LERG IF WANT INPUT THIS INCOHE—OVER-TINE MATRIX ODIRECTLY

i
i

lodododaedecdodeododeagodeoarnadodaodododoedoe
|




CC 1-6 SURKAT (1) = DECIMAL PERCENTAFE GF SORROWERS WHICH ARE ASSUMED TO
BE ALIVE (AND THUS ELIGIBLE TC REPAY) THREE YEARS
AFTER FUCL-TERM BURROWEKS GUIT BURROWING TOR FIVE =11bh="
YEAKS AFTER PARTIAL-TERM BORRUWERS) (E.Gso WE USED
KATE FOR 3C YEAR OLDS SINCE FULL-TERM BURRUWERS AKE
o o ASSUMED TO QUIT BURROWING AT AGE 27) L
CC 7-1c¢ SURRAT(2) = DITTU - 8 YEARS. AFTEK FbLL-TERH BORROWERS QUIT
' BORROWING .

i
|
|
|

" CC 13—-16 SURRAT(3) = 13 YEARS AFTER

ETCo
CC 49=54 SURKAT(9) = 43 YEARS AFTER —

NOTE 3 IF IGNORING DEAVRS 5 SET ALCU THESE TU 1.0

OO OO OO OO Qe CHEO GO OIO O O

- KEAD (5,991) TDEC, GRDDEC, DODEC,GRDYR, DUYR, LUANYR, UPINT,
L YRINCGy YKINCD ) XINFLA ¢yGONVG 9 INFLAT yINCYRy ( SURRAT-(1) yI=1,9)

991 FORMAT 11£o1Xan.0p1XoF3—0p2T2*F?ﬁU"?X_3T3_F?*U‘IX_F7“U_F5.UpI#oIo .
1 $Fe0)
FILt FULL-TERN BORRCWERS (GRADUATEST INUGHE M} TS T —
DATA FUR ALL (IDEC) CATEGORIES WITHIN EACH YEAK ¢ NOTE : MAY BE cxoss>
SECTIGNAL GR YOVER TIME", DEPENDING ON.VALUE OF INFLAT -

AGE 27 GnN. (BEGINS WITH VFAu FOLLOWING GKADUATION)

e OO O

READ (5,800) ((bRDINC(IoJ)oI L+IDEC) = loYRINCG)
IF {YRINCT -EQ. OJ GU VU 666 B

FILL PARTIAC-TERM BURRCWERS (OROP-OUTST TNCGNE WATRIX -
AGE 25 GN (BEGINS WITH YEAR FULLOWING ORUPPING GUT) :

OOy

READ (5,501) (DCINC(Lyd)ed=1,YRINCO)

NGTE ¢ THESE TwG MATRICES WILL BE USED BY ‘ALL PROBLEMS WITHIN THIS RUN

BORR T "TOTAL NUMBER"UF“BURRUWERS‘TFUIE'IERH AND PARTIAL=TERM ==GRADUATES
- AND UROP-UUTS) IN THIS SET OF PROBLEMS

NOTE ON INCUMES -- PRUGRAM READS INCOMES OVER TIME FCR BO?H GRADUATES AND :
“DROPOUTS - AS UF 197U, IF YGU INFLATE GRADUATESY INCUMES FUR TWO YEARS, YOU ——
HAVE APPKOPRIATE INCUME DATA FOR A CLASS WHICH ENTERS IN 1969 WHERE DROPOUTS )
BEGIN REPAYMENTS TN 1971 (BASED UN I97U INCOMES) AND GRACUATES BEGIN — — - :
REPAYMENTS IN 1973 (BASED ON 1972 INCUMES). FOR A CLASS ENTERING IN 1972, i
THF‘VIRTIETE'DFINC‘SHUUIU“BE’SET”EQUAL TO 3, Iu‘TN‘KITE—THE‘TNCUHES“PRUFcx;v.

PARTIAU TERM BURRUWERS #RE ASSUWMED TO HAVE EQUAT INCORES WITHIN A GIVEN
AGE BRACKET - NO DIFFERENTIATIUN 8Y CATEGORY (DECILE)

o

Ft’f}ﬁ‘“&’ﬂ(“fjﬁ(ﬁf’q?ﬁrﬂﬁfﬁfﬁﬁ

If (UODEC .EQ. O) GO TO 3
D0 &% T=Z,IDEC
D0 4 J=1,YRINCD
DOINCTT 7 J7=0CINCIL, 397

4 CONTINUE

INFLATE PARTIAL TEKM BORRUWERS® INCUMES

oo

Do 505, 1=1,006C - , I .




—— . ——

o . bO'5us J=l,yYRINCD . o e
DOINCTT »J) =DCINCIT, J)* TUL.O#XINFLA) ¥% UPINC) -

505 CUNTINJE
. T T3TCONTINUE

T INCGNE UVER TIWME FGR DROPOUTS BEGINNING IN I970 # VALLE UF UPINC

e A e e = -

IF (INFLAT..EQ. 0) GO Tu 666

D07 665 11, IDEC e - -

DO €65 J=19YRINCD
065 DUINC(I,J’-DD[NL_‘I,J,W 133

666 CONTINUE )
'Tﬁf‘ﬁt‘Foﬁ“ﬁhAﬁchTNG“cLAss BEGINNING IN 1972 ¥ VALUE UF UPINC T T

-
~
v

T DOSTIEY,ICEC T
DO 5 J=1sYKINCG
GRDINC (I,J)= GRDINL(I,TWUPINL*GKDYK—UUYKIJ

5 CUNTANUE _ .

o= R e -

C IF LROSS-S&CTIUNAL DATA HAS BEEN INPUT | lNFLAT > 0)y INELATE TO INCUMES

C“'"“““UVER“TITWE T ot T

C

. 1r’T]NFLA11.tu.'Ut GO TO 667 ' = :
DO 6 1= 1, IDEC . -
DO"6 =Ty YRINCG 777~ N - -

6 GRDINC(I,J) GRDINL(I,J)*((l.O*lNFLAT)**(J—lH

667 CONT INUE

-

(FOR US o AGES 25-64 )

C AND PARTIAL TERM )
E = - - =

SURVG=GROCEC

DO T =K
DEATHG(J) (o2)%(1.0-SURRAT(I))*SURVG

= PEATHU U= Z I (T 0=SURRAT LI Y I *SURVD

N

7 CONTINUE
c A : - -
C SINCE SURVIVAL RATES GIVEN IN FIVE YEAR INTERVALS ( [.E. SURVIVAL RATE # 1
19 19 LIVLC
C GF THOSE LIVING IN YEAR 5 ) o MUST CONTINUALLY UPDA TE SURVIVORS BEFGRE
'C'““““CUNPUTTNG”DEITHS‘FUﬂ"NEXT"S‘YEtKS
C
- ——SURVGESURVG=TDEATHG e

SUR VD=SURVO—(DEATHD(1%5)%5)

—§ CONTINUE
C - =
T CONVERT DEATH BRRAY TO A CUMULATIVE DEATH COUNT -
C

D09 t=2740
DEATHG( 1)=DEATHG( 1) ¢DEATHG( I-1)
L~ L Rl 3

-p




LEM PARAMETER CARD 3.

¢ _ .. _PROBLI N R .
C
c CC. _1—2_ GRACE_ = LKACE PERIOD ; # OF YEARS AFTER LAST LOAN BEFORE -116-
C REPAYMENTS | nusr aeaxn .
C
C CC 4-5 YRPAY = LENGTH OF REPAYMENT PERIOD ( # OF YEARS )
C i e
C cc 7 IFIXEL = DUES THIS PROBLEM USE A W SEMI-CONVENTIONAL®™ OR FIXED-"
c REPAYMENT SCHEME ? ( YES = 1 )
c L . -
o CC o ICUNT = ODOES THIS PRUBLEM USE A “FULLY-CONTINGENT® REPAYMENT
C SCHEME [ YES = 1 )
C
C T CC 9  IPAKT = DOES THIS PRUBLEM USE A WPARTIALLY-CONTINGENT® REPAV“EN?
¢ SCHEME ( YES = 1)
c —_— . . _
C ¢C 10 ITAU = SOLVE FUR INCUME TAX KATE ( TAU ) 2 ( YES --1 )
C
" C ____€CC 11 ICGUP = SOLVE FCR KATE~OF-RETURN IN A FIXED R&PAYHENT SCHEDULE ?
C (UYES™ = 172" (1F EQUALS T IN A PARYIALCLY TONTINGENT
c - _ SCHEME o, WILL SOLVE FIRST FOR STARTING PAYMENT; THEN FOR -
c - " TCOUPON __TE__—SEE_TIBIE_EEIUH') *
C
C REPAYMENT SLHEME ITAU ICUUF__VIFTIBIE—SUtVED FORK

Ct**t***ttt*tt****tttt*t*t*tt*ttt#**#tt*tt*ttt*t*ttt*t*tt*tt**t**t***ttt*t*t*t
< T —SEFT_‘UNVENTIGNAL ) 0 STAKY R
C bEMI-CCNVEhTIONAL 0 2 INRATE (COUPON) -
.C FULLY-CONTINGENT 0 - INRATE (RETURNY
C FULLY=CONT INGENT | 1 - 4 TAU -
C — )
C -

PARTTALLY-CUNTINGERT O TRRATE (RETURNT -
PARTIALLY-CONT.INGENT 1 TAU
tf-—"""_"""_’ﬂ"_PIRTTICCY;CUNTINGENT“““"__"T_"_STIRT"T—_ITE_TCUU?UNT”

———— ———-—-

CC 15-24 TAU = INITIAL GUESS -AT TAX RATE « MEANINGLESS IF IFIXED )
; WILL RERAIN AV INITITAL VALUE URLESS ITAU T 1T 1

CC 25~34 INRATE = RATE-CF~RETURN ( INTERESV RATE J IN ANV OF TRE THREE — .~
PROGRAMS ( IN PARTIALLY CONTINGENT SCHEME WILL EQUAL ,
©° 77T TTUTAU PRUGRAM RETURN WHRILE SULVING FUK THE STARTING —
PAYMENT OF THE FIXED REPAYMENT SCHEDULE s THEN WILL
—EQUAL TRAT PRUGRAM™S CUUPUN RATE AS THE UEKIVED STARTING -

PAYMENT SCHEDULE IS PLUGGED INTO THIS SCHEOULE ) :

{
i

CC 40-45 OPRATE = GPT-CUT RATE ; RATE OF RETUKN REQUIRED FRCM-A BORROHER —

c - 777 WHO SATTISFIES HIS REPAVMENT UBLIGATIUN EARLY

(o ‘ ( BEFCRE END GF SPECIFIED REPAYMENT PERIOD ) -~ IN A

C 3 FULLY CUNTINGENT PRUGRAR 3 NOT USEU IN EITRER TRE SENT=

C CCNVENTIONAL OR PARTIALLY CONTINGENT SCHEMES :

T e

CC 50-60 START = PAYMENT MADE IN THE FIRST YEAR UF THE REPAYMENT PERIOD

= - T BY ALL FULTSTERM BORRUWERS (T 1+E. buNUUITES‘T—DROP‘OOTS—"“
PAY HALF OF THIS SINCE CNLY BORRDHED HALF AS MUCH )

¥ S TULLTT WUIYS SISULIvS rnudnnn -

ndhnndhmnnh
i
|

CC 65~71 GROW = ANNUAL DECIMAL PEKCENTAGE GROWTH UF PAYMENTS IN
i "’“_FTXFU‘KEPIYHENT*?fﬁiﬁﬁff'fTN*sEnT=CONVENTf0Ntt—SC?%#E?1Nt
_ AS ONE OPTION OF PARTIALLY CONT INGENT PROGRAM )
CC 72 TADV '—HIRKER“FUR‘PRESENCE‘UF"*ﬂVE’Sf'SEt!C?TUN“C!%E
. {T = YES, F = NO )

- CCT3  PRTING = -D0” YGU ‘WANT- TNCUME MATRICES PRINTED 2 (" YES =L

cdododoaoaoaon

R,




e - [ - — - ——— e

C

cC T 75" I>T0P =" STCP TTERATIVE PRUCESS AFTEK FIRST CASH FLCW-CORPUTED 7~
C L YES = 1) -110-

C_ - - rc—— J— - : — e o o bk T e - e - e m— - =

L CC 74  PKIDEC = DO YCU WANT CASH FLUmS PRINTED FOUR ALL DECILES ? (YES=1)

C

"READ (5900 s LND=989) GRACE, YRPAY, IFIXED, ICONT o 1 PART , 1 TAU, ICGUP,
KTAU INKATEy LPKATE; START yGROW s TADV e 0 T
XoPRTINC 9 1STCPoPRTDEC ) :
7988 FORMAT (129 1Xe1291X94TL9I1y 3X92F104095X3F6. 094X FIT<0v4XyFE0y —~ 7

X Lly311) .

C CC 73 W = DECIFAL PERCENTAGE UF EACH DECILCE WRICH 15 PARTICIPATING
¢ IN PRUGKAM ; INITIALIZE TG 100 % , CHANGE BY ADVERSE
¢~ T T T T T T SECECTIGN TART (READ TF TADV = W TRUE ") T e
C : .

~ T DO TG00 11, IDEC — S -

1000 WlI)=1. ‘
L ., ADVEKDCE SELECIIUON CARD
C
b — e - IS
C CC "1-3 wil) " PRCPCRTION OF DECILE 1 PARTICIPATING IN PROGRAM
T T T T "( “APPLTES TU BOTH FULCL AND PARTTAL=TERM SORROWERS ™}
C LU 9-106 W2} — = U!:(JL—!: lZ_l
c -
T~ CC 73=80 wll0) "= DECICE (107 e
C * '

T TTTTIFUTADV) O READ TOU6G, W~ 7T T T
1000 FORHAT(IUF&.O)

"

C Sw = TJTAL rRACTlON UF THE BORKOWING COHORT ((GRDDEC*+DUDEC)*10) PARTICI-
T 7 7 "PATING IN PRUGRAM "USEU"UITER“TU‘CUHPU‘E‘TUTKt“tUﬁNS“EXTENUED ''''' —
C ' BORROule COHORT

T _— - , P

1005 SW=0. ‘ , .
19]9] lUUl 1= lvlvtb - -
1002 SW=SW+W(1)
~——BORR= (GROCEC*DODEC 1 *SW — -

c LAST = LAST YEAR QF REPAYMENTS BY BORROHIHG COHORT
c-— st e et = —
7 ;A§V§GRDYROGRACE+YRPAY
T
o . LASTD = LAST YEAR OF REPAYHENTS BY PARTIAL-TERM BURROWERS {OROPQUTS)
C i
LASTU DOYR+GRAL&07RPAY
- -
C LASTG = LAST YEAR OF REPAYMENTS aY FULL-TERM BORRCHERS (GRADUATES)
C
LASTG-LAST
c— e
c XGRGw = % GRUWTH OF PAYMENTS IN FIXED REPAYMENT SCHEDULE (FOR PRIN?ING
T 7 "= PURPOSESY -
C
T XGROWSGROWF L0000
C
T ~OP = T OPT=CUT KATE (FCR-PRINTING PURPUSES )
C
- TUPE0PRATE*1U0.0 -~ M
IAb-tAU*((LOANYR*GRDYR)ILUOO )
M= IYGRACE
N=1¥GRACE

| MMELASTG=GRDYR — - - e ' : -

Wiy R



JYEAR=1970+UPINC e N —— -

PRINT INCUME MATKICES IF DESIKED (PRINTS UNLY THUSE INCOMES USED IN
CUMPUY ING KEPAYMENTSy letEe UNLY FOk THE YEARS WHICH ACYUATLY FALL WITRIN
THE KLPAYMtNT YEARS ) ) 918

IF(PRTINL.E&.L)NRITE (69904) JYEAR,((GRDINC(I,J),l-lngEC’ J’M’MH)'
JYEAR=1972¢UPINC
IF(PKTINCeEGe L)WRITE (699504) JYEARQ((DUINC(I'J)QK chDEC)gJ=NgNN)

{
i

 CONTINUE

N
—

kEQﬁT = % INTEREST RATE (FOR PKRINTING PURPOSES)

€Y ENe»

REURT=INKATE*100.0
[CULATE KEPAYMENT SCHEDULES FOR ALL DECTILES OF GRADUATES AND DROPOUTS

o Ol
o

00 20 I=1,1CEC .
D0 10 J=1+40 »
uRDPA&(l.J) 0.0 oo
DUEPAY(14J)=0.0
LOAN(J)-O 0
JMARK(I’J)
TMARK (I +Jd1= 0"
10 CONTINVE
TUTAL PAYMENTS FUR DECILE UNDER CUNTINGENT SCHEME EQUAL AVERAGE INCCME *
TAX RATE ¥ % ofF PIRTICIPANTS IN YTHE CECILE

2Xala¥a3

M=GRCYR*GRACE+I
N=DOYR+GRACE+1
00 19 J=NM,LASTG
L K=J=GKDYR
TGCONTE bRDlNC(1:K)fTTCKﬁtEC“DEITHG(K"ZTTTWKTTT*TA

GFIKEU=STAKT®( (1.0+GROW P *#{J=H))*( (GRODEC-DEATHG(K+2) )W (1))

IF TICCORNT EQ. 1§ GRLPAY( 193 1=GUUNT : o

If (IFIXED +EQ. 1) GRDPAY(I,J)=GFIXED
— T U IPART JESST) GROPAY T J)=ANINTUGCONT5 GFTREDT ™ x

c X
T OUNDER PAKTIAL CONTINGENCY, KEEP TRAUK CF THUSE WHTCH EXERCISE™ TONTINGENCY
C FUK US& IN LATER PRINTING

T ] 7 /

IF (IPART «EQ. L <AND. GRDPAY(I ¢4J) .EQ. GCUNT) INARK(I Ji=l

19 CONTINUE™ -

I# (UUDEC .EQ. 0) GG TG 20 - -
DU Z2 J=N+LASTD - .
Kk=J=-0CYR

DCCRT= DCINC(I.K)iTTTUUUECT‘DEITHUTKTTSH1131111AUI&.U)

OF IXED={START /2. 0)*((1.006R0h)**(J~N))*(((DODEC)-DEATHD(K)
TR TER (TN

lF (ICUNT +EQ. 1) LGPAY(I,J)-DCCNT

IF TIFTXED EJd. L)V DUOPAYUT,4I=DFIXED

. JF (IPART +EQe 1) DOPAY(I,J)tAHINl(DCUNT DFIXED)
TF {IPART <EWe. I <ANGe DOPAY (T, JJ tW. UL ]
22 CONTINUE

Z0  CONTINUE
C
T“_"W“TF‘FUtEY CDNTINGENT'PRUGRIN“”“NMST—WDJUST—RE?I?RENT‘SCﬁEOﬂtE’FﬁR_ALL -
C DELILES wHICH EXERLISE THE OPI-DUT FEATURE 3 YO DO THIS NE CALL CASH
T FLOW SUBRUUTT
¢ OPT-0UT kATE AS THE REQUIRED RETURN : THEN THE OPT-0UT YEAR HILL BE THE .
TTTTTTEIRSTYEAR” WT'NE‘G’KTWE‘UUTSTKNW WGWW'_“’T ;

{ _AN- INTEREST RATE EQUAL TU THE DPT*OUT~RATE ) T . i



TTETUICONT WNEG LV GO YO 51T T T s T T
DU 90 M=1,2
T TTF (UUDEC JEQ. 0 SANDS MOJEQL 2TTOUTTO 51 T T el e
DO 50 f=1,10kC .
IF (M LEU. 2 oAND. l“’.EQ‘o Z) GU TU S0

C

C NEEL CONSIDER ONLY ONE DECILE UNDER FIXEGC KEPAYMENT PROGRAM SINCE ALL
( DECILES HAVE LQUAL INCOUMES AND THUS EQUIVALENT REPAYMENT SCHEDULES
c— T T T
C

DO 23 J=1,40
KEPAY(J)=0.0
T3 UGNTINUE T T T T T T e e s e T e
00 25 J=1,LAST .
T UTECANTIYEDLO T T T e e — , = T T
-8 IF (M JEQe 1) KEPAYLJ)=GROPAY(],J) '
I (M stlUe 23 KEPAYTIJT= DUPAYII 'Y
25 CONTINUE _
TIF (N GG, 2V CO0TTO LB T
DO 1001 MMM=1,GRDYK ,
TIO0T " LUAN TMMM Y SLCANY R¥GRDDEC*W (T T L
GO TO 181 S ] :
I50 CONT.INUE ] —
00 179 MMM=1, OGYR , _
TTT9 T LOANIMMMY ZLCANYR¥DUDECT*WITY ™~ — o B
181 CONTINUE -

W IR 114 740

C . I
- C NO]E THAT SEND CPT/0UT RATE INSTEAD OF INTEREST RATE
— - T
- CALL C(SHFLGIREPAY YRPAY.bRACE,UPRATEoLGAN,INTDUE,PRINPDcOSDEBTc
B I CFLOWyGRDYR')
C
- CDETERMINATTON GF GPT=CGUT YEARS FUOR EACH GRADUATE DECILE — ] -
p ' !
- ' IF (W .EU. I} GRUUP(TI=LAST
IF (M 4EQs 2) " DOOP(I)=LAST
. - OPYEARTTI=E “YRPWY - T
: L=CPYEAR(1)
- C
| C IF PUSITIVE ENDING BALANCEo NO OVERPAYMENT AND THUS NO OPTING—OUT
— C :
B 1F (GSD&BT(LAST) +GEs Co0) GO T0 41
N C

C FIND THE LAST Y&AR OF REPAYMENT WITH A POSITIVE ENDING BALANCE,
T UPTING=0UT WITU OCCUR TN TRE NEXT YEAR

C
il CASTISTAST=I
DO 30 u=2,LAST1 :
- TTTTTKSTASTEY T — -
‘ IF (OSDEBT(K) .GEe 0.0) GU TO 35
- — =30 CONTINUE™~ — T e e - : -
35 CUNTINUE , i
- I 2 = = R™GRACE -
L=K+] v
c —— e
C ADJUST PAYMENT REQUIRED IN THE GPT-GUT YEAR
(%) - .
IF (M JEQ.1) GROPAY(1,L)=CSDEBT(K)*(1.+OPRATE)
. o [] - oV Wy &
Ll=L+1 -

- Q — = -~ =
: T ; :
.ERIC C N PAYMENTS MADE AFTER GPT-OUT YEAR - S




CU 4U nN=L1ylLAST N ,
IF (M oEue 1) LROPAY(IyN)=0.0 . =120-
IF M .tuwe. 2) DOPAY(TI,N)I=0.0
40 CONTINUE
’ IF (M .Eue 1) 0RDCP(I)=CPYEAR(I)
IF (M JEus 2) CuuPil)=0PYEAR(I)
41 CONTINUE
50 CONTINUE
90 CONTINUE
DO 93 1=2,10EC

" DGGP (1)=DUOP( 1)

~....D0 93 J=1,LAST .
DOPAY(T9J)=DCPAYIT 4 J)

93 CONTINUE e

5L CONTINGE - u

C
C CALCULATE TOTAL (GRADUATES + DROUPGUTS) REPAVMENTS
c
TTTTDO LS JEi.qE' T o T e T
REPAY (J)= 7
N TRCT I £ l.IDtL T s e e e S -
REPAY(J)=KEPAYVA J)+GROPAY(L T J 1+DCPAY (1 44)
55 CONTINUE
c

C  DETERMINE AGGREGATE CASH FLOwS. USfKGfTGTAL 'LCANS AND TUTAL REPAVMENTS MATE ~—
C
T ASSUME NO DEATHS IN E

RRCHIVG PERTIOCS -

C
DU &5 I=1y0KDYR
65 LOAN(I)I=LCANYR*GRDUEC*SW . :
T E T (OODEC TEQL 0V G0TYS 6T T T T T
DU 66 1=1,00YK
66 TOANTI)=LUAN(T )+ LCANYR¥CUDEC*SW 7 7 T T
67 CONTINUE
CALL CSFFLG (REPAY.YRPAv.bKnuE.xanrt.LUAN.‘NTUUETFRTN“U‘USU“BT*
1 CFLUu.bRDYR)
S e e e . e
C
T CUT- OFF ITEKATIVE PRCCESS FOR THTS‘FRUBLEH”KFTEK“GU"ITTEHPTS*TU*FNNU
C AN APPRUPKIATL VALUE FOR THE PARAMETEK BEING SGLV&D FGR )
C
NUM=ANUMS]
TTET(ROM e GT o oU)” GU“TU‘919""‘”'“‘“““ T
IF (NUM, hE 1) GO Tu 302 ’
e o Tt T T
C INITIALIZE ITEKATIVE VARIABLES ( SINySST,STAU SAVE INITIAL VALUES OF ALL
[ PARAMETERS HHICH CAN BE SULVED FUR]
C .

SINTL)=TINRATE .
SST(1)=START
STAUTL)Y =TAU
SIN(2)=0C.
STAUTZT=U0.
- §ST(2)=0. , )
T SAVESUSDEBTILAST) - ' .
302 CUNTINUE '
T IR UROMS LT 260716303
SIN(2)=SIN(L)

SINTLI=INRATE
STAUL2)=STAU(L)




A

e e

L SSTLL)=START

303 CUNTINUE

(' R
TTECISTOP JEQ. 1) GGTTC 200 . s mr = mdBle e
C . » L
C IS CUKKENT OUTSTANDTNG CDEGBT SUFFITIENTLY LUW 1O IERMINETE’IItRATlVE
" PRUCESS ¢t —-— l.Ee. HAVE WwE GOTTEN CLOSE ENUUGH TO THE VALUE OF THE -
C FARAMETER BEINC STLVED FOR 2?2 - o e, T T
C
- “TF (ABS‘(OSUEBT(LAST)Y*:LE.‘ ‘CONVG)Y GT TO 200 -
IFCICONT.EQel)  TF(ITAU) 91470491 E
IF (IPART <EQ. I <AND. ITAU .EU. IJ GU IG 91
) IF (IPAKT .EGe 1 oAND. ICOUP .EQ. 1) GU TO 80 g
IF (IFIXED +EQ. 1 JAND. TCOUP GEU. 2V GOTO 70~~~ - T e
7 IF "(IFIXED «EQe L) GO TO 80-
T TOGONTIRUE T ] ST o
‘WRITE (64953) INRATEsGSDEBTULAST) : :
TTER=T
GO TG 401 :
T80 LUNTINUE T cT T -
NRITE (br343) START.GSDEBT(LASTD ’
FTER=2 T = - B
GO TO 40) i J .
9T curfrmu& - — - =
- HRITE {6,900) NUH:TAU,CSD&BT(LAST)
TTTTTTITEREF T T s - : -
4901 CUNTINUE ‘
-C - - - = -
C DEPtNDlNG ON WHAT IS.BEING SOLVED FDR (kATE-OF-RETURN, STARTING PAYHENi
C UK TAX KATE T WILL FAVE TU CALU FINCK STIGHTLY UII‘I‘ER'ENII' —
C
[ - = -
¢ ARGUMENTS SENT TO FINCR }
- - - -
C le 0UISIAND!NG DEBT LAST ITERAIIOM
L =
C z. UUTSTANC[NG CEBT THIS [TERAT[UN 3
e Attt -
C 3. THIS ITERATION'S VALUE CF PARAMETER BEING SCLVED FUR . E
C - ) e T -
C 4e AKRAY wITH VALUES ‘OF -PARAMETER H:hls ITERATIDN AND LAST I—TER’A»—TION‘)—’
L
C 5. INUILATUR T0 SIleFY HHETHER NEXT ITERATION'S VALUE OF PARAHETER ) i
T 0 "HIGHER UR EUﬁER‘THKN"TTS‘VﬁtUE“TRTS‘TTERtTTUN_‘ :
T - A TF SOUVING FUR RKT*E‘-U?‘R?TUKN‘“PO’STTTVE‘WTS‘TWTN&:
C (TGO MUCH PALD IN) IMPLIES INTEREST RAI‘E SHOULD BE LOHERED
L uNCR"-z — - - —
T T T ”'BTTF“‘SUEVING TR mmwvmmmwmmrsmmuv
-——C DEBT TS POSI TIVE (TOO MUCH PAID IN)- SHOULD REDUCE AMUUNT. =
Tt T e ‘RT:‘P'A'ID “BY RECUTING " ftmm“ﬂmtﬁﬁ-mntﬁf—ﬁﬂehu =
C ) . =
C : B - = - =~
-C HAVE FUUND APPROPRIATE VALUE FOR PARAMETER. BEING SOLVED FOR ; PRINT

T HEADINGS AND THEN THE CASH FLOW SAV mnmﬁmsr—:m
C.

TTTTTTINCREZ T ' : -
TF(ITER <Eue LIINCR=1 ’

o e

g

«GTe 0e0) INCR=1

IF (ITER NE. 1 +AND. GSDEBT (LAST)

T IETCITER TEQ T IFINRATES
CTF (CITER oEQs 2)START =F




 IF (ITEK <EQe 3)TAU.  =FINCRUSAVE,USDEBT(LAST),TAU »STAU 2INCR) = _
SAVE=USDEBT(LAST)
&b Toel L mee-
200 CONTINUE . '
 IF(IFIXED «EWeLIWKITE (6,951) XGRUWy START,YRPAY,GRACE,BORRyLCANYR,
"1 REGRT .
 LF{ICONTeELebIwRITE (6,500) GPy REQRT YKPAY y GRACE, BOKR s LOANYRy TAU
TFEIPART.EWLIWRITE (6,4950) XGROW, STAKT o YRPAY,GRACE yBCRR, LOANYR,
1 TAUskEGR === )

750 IF(IAUV) FFKINT 9929W
992 FURMAT (% AUVEKSE SLLECTIUN PARTICIPATION BY FRACTIUNS *UF DECILE (A
; XSCENDING) : %y LUF5.37)
L WRITE (69549)
: DG 260 '1=1,LAST
: IYEAR  =L1970+UPINC:I
= NR{TEZTB,QOB)‘lY?Kﬁm“"TIUiN1T77ﬁEFKYTi‘TESDEETTTT?IﬂlUUETTTT“"“"'m
;' 1 PKINPD(I),CFLOWLE)
' T 260 CONTINUE

¢ .
€ PRINT UPT-GUT YEARS IF WURKING WITH FULLY CONTINGENT PROGKAM
C

TF (TCONT LEG. 1) wRITE (6,9020 TGROGPFTTIT=T,TDECT
= 1F (ILUNT oEGe L) WRITE (69306) DUGPLL)
TFIIFIXED.EG.IT  CC TU 301

*

OO ole

COWFUTE AND PRINT CASH FLUWS FOR ACU CECILES TF DESIREC T UP TG THIS 7
PUINT HAVE COMFUTED CNLY AGGREGATE CASH FLOWS — EXCEPT IN COMPUTING
GPY=GUT VEAKS IN FULLY CONTINGENT PROGRAW]

= IF APRTDEC .NE. 0J GU 10 301
00 300 I=1,ILEC
VU003 MMMEL,GROYR™
1003- LOAN (MMM) =LUANYR*GRODEC*W(I)
TFICUYK SEGS 0T GU TU 312
DO 311 MMM=1,0CYR ‘
311 COANIMMMI=LCANTMFM]+UCOANVRFDUDECFWIT]
312 DO 310 J=1,LAST
TREPAVUJII=GROPAY UT IV #DCPAYITHIT
. 310 CUNTINUE
: "“““f"thE'CSFFtGTREFKY;YRPIY:GRACE.INRATE.LDAN,INIDUE,FRTNPU?USUEBT; """""
L CFLUWsGRDYR)

C

: 1€ ( ICONT <EWe 1) WRITE (69905) UPyKEQRT o YRPAY ¢GRACE yBORR 9 LOANYR 4
S 1 TAU oo - T
: 1F (IPART +EW. 1) WRITE (69950) XGRUWs START  YRPAY yGRACE yBORR y
: I"TCANYR,TAU, REQRT
S "IF (IFIXED +EQ. L) wRITE (6,951) XGRUWy START yYRPAYGRACE BORR
< T LGANYRyKEQUKT ;
4 LFCIAGV) PRINT 993,W(1)
T WRITE TE, 9441 T
WRITE (69945)
—D0 26 NE1,LAST

—IVEAR=197C+UP INC#N : ,
: WRITE (69903] IVEAKR T LOANTNT, REPAYINIZUSDEBT IR 7 INTOUEINTY
E © 'l PRINPDIN) »CFLGW(N)
e e —
C IF PRINTING CASH FLUWS FOR PARTIALLY CUNTINGENT PRUGRAM, MARK HERE ANY
€ YEAR WHERE CUNTINGENCY EXERCISE UCTURRED (GRAD SYMBOLU v e
¢ = #)
Q R
FRIC ~ LF (IPART .EQ. 1 +ANCe IMARK(I,N) +EQe 1) WRITE (6, 948)

T F U TPART GEUG T :ANDT?UﬂQRKtT?mn“TEQ?fl?"ﬁktfﬁft??ﬁvi




L IFYUIPAKT JkUs 1) wRITE (69969) ' o L
300 CUNTiNUE ] R
Ag{_ !RITg (3.940) 2

ICUUP = 1 IMPLIES THAT HAVE JUST SULVED FUK STAKRTING PAYMENT IN PAKTIALLY
CUNTINGENT PRKUGRAM, WANT NOW U CONPUTE CCUPGN RATE IMPLICTT IN RC
STAKTING PAYMENT BEING USED IN THE LPTICONAL FIXED REPAYMENT SCHEODULE --
" FHUS SET ALL PARAMETERS TU DO THIS AND BKANCH BACK TU BEGIN TTERATION
. PROCESS AGAIN
TR ICUUF WNE. 1) GO TC 919
NUM=0
1CouP=2
IPART=0
T UIFIXED=L
GG TO 21
600 FORMAT [5FIC.0) 7
801 FOGRMAT (6FLU.O)
00 FOURMAT (¥ "1 I1Z2,2XWF15. GelXoF 2Ue ) -
902 FURMAT ('00,'UPT—-UUT YEAKRS (BY DECILE UF MD''S , STARTING WITH THE ’
UL LOWEST) 2 Y, 10T Sy v=viytety " 1 T T TrTTT T e e
903 FOKRMAT (! .'IQ,FLO.Z'Flboil4(2XlF1002'2x,) -
’"qﬁﬂmFURMAT"T'l'iIS}/;"'TﬁOTlOFT2:2771)”"”“”‘“”“““”‘“*“””“_"”'"
906 FURMAT ('0',fOPT-0U1 YEARS (FCk ORUPOUTS) 2 'y 12)
—g0% FURMAT (Y[Y,51IX,YHULLY CONTINGENT PRUGRAMY, 7, 0"y 9L Xy
1 *CPI=GUT RATE = "4yFbedy" 2% 4/7952X%y "KEQUIRED RATE OF RETURN
T T FBedsV Ve /52Xy YREPAYMENT PERITD =70y12," "YEARS Yy 7952Xy T
3 YGRACE PERIUD = %912y YEARS V9/+52X9'TUTAL # CF BORKOWERS
TR B Cy /952Xy LUAN B ERYEAR =TS "y FT o2y 752Xy )
5 'RE?AYMENT TAXx RATE = '4Fl1.9)
G50 FOURMAT ('17,51X,YPAR] TALLY CUNTINGENG PRUGRAMY 'YAR'ARY 1L
1 *FIXEU KEPAYMENTS GROw AT ' F5.29' 409/ 952X ' FROM STARTING PAYMENT
e GRSV FG e 29 /952Xy YREPAVMENT PERTOU = 124 YEARSY 1 /922X, T T oI T e
3 'GRACE PERIUD = .9IZ;’“yfARS.'/'ble.TUJAL # OF BOKROWERS = 9y
m”““'ﬁ”F?TUTT{SZX)'IEKN”PER”YEWR'E"S"TTF7TZ37)52XT*RETI?NENT”TﬁX"RITE”ﬁ‘“” oTrmTm e
5 oLXsFLlleGg/ 952Xy INTEREST RATE = *4FT7.4,'%")
) ' A = L LCAN PRUGRAM*y 77 *0 31Xy
1 *FIXED REPAYMENTS GROw AT Y oF5e42 0% 1/ 952X 9 FRCM STAKTING *,
"2 VPAYMENT OF $"TFB}ZT/652X1'REPA¥MENT'PERTDD“E“‘TT7T'"YEIRS'?7?”—""’
3 92X9'GRALE PERIUD = 412" YEARSY 9 /95219 *TUGTAL # OF BOKROWERS = *
""'““’?F77U77iSZX{fLUKN”?ER”YEAR”=”$‘}F7?ZTI?EZX?fTNTEREST“RITE“i“?”
5 F7 o{f' ' 2. ’ -
~g43 FORMAT (¥ " " START = "+t10.6¢' ULDI =St 12}
944 FURMAT ('0°','DECILE # *412) )
‘w'QWSMFUFHKT"T'UV{VCWSH’FLCW"TIBCE'UNUER'IBUVE“ISSUHPTTUNS HARY &)
1 ',40(‘-‘0://:'0'p'YEAR'gBX,'NEw LUANS® o1 X9 *CURRENT REPAYMENTS',
2 gXp'UUTSTKNPING“DEBT‘TFXT'TNTERE§T”UUE1?EXT'PRTNCTFItﬁPI;U', -
3 BXJ'CASH FLOW® o/ ¢ " 94(*=? ) 78)‘.99("‘ o dXelBL=? Jel2Xe l61'=2 )y 6X,
IR VARCAEEY YR LIREAS FT:2. 0 A Rdd KX AT IL XML 2N IY4 SR IMET-2.3E
5 V(SN TXy US)T G LOXy US) 1T XyS) /)
'"’§4B”FURMKT'r'+'T3BXT"'TM“_"""”“”“”"'"“’“"“"”W
94y FORMAT (041437X,'#°) ,
‘953 FORMAT (' . YRETURN = *4F10e8, % DEBT = 4 Fl2529~ " =7 =777
. 960 FORMAT ('L, CUNTINGENCY EXERCISED BY DROPOUTS®4/ 40,
'S 1R V1R YAR LKA ] -
96y FUKMAT ('=t,¢* [MPLIES CONTINGENCY CPTION EXERCISED BY GRADUATES?,
i O - ’;‘#'IM?tTES”CﬁNTiNGENC?”E%ERC1SED"SY”DRﬁPﬂUTS*1"“""”—“““"“““"""*““‘“

999 CUNTINVE - ’

9o1

‘ ' _TTU98YTSTOPT Tt ST mmtemTeme s e
| Y40 FUKMAT (*'L1°)
Qo ) ’ * N U 4 ~HNPROGRAMSTFOI) -
ERIC ... _ tND N CSHELE) o AY- - A Tt ErAN = e e eamems e e =
T 0 H KEPAY, YRPAY GRACE INKATEZLOANTINTDUE & -




T ———— d—— —— —

REAL LCANYRy INRATE LOAN(40) o INTODUE(40)
INTEGER YRPAY,GRACE,ENUPAY,GKDYR
_DIMENSION REPAY(#U)'PRIhPD(QO)’CFLUN(QO)0050587(40, om12h

ENDPAY=GKDYK+OKACE+YRPAY
C BOKRUW AT BEGINNING UF YEAR
L REPAY AT ENU UF YEAK (EFFECTIVELY INCREASING GRACE PERIOD ©BY ONE YEAR)

INTOUE (L) =LUANCT )V *INKATE T T T T e
L PRINPD(1)=REPAY{L)-INTDUE(L)
O CFLOW(T)=REPAY( L)-LCANTT)-INTOUE(L) T T o - T
USDEBT{1)=LLAN{L)+INTOUE(L)
DO 15C I=2,ENDPAY
 TUTLON=0.0, -
"TOTPPL=0.U i o T ) T S
LU 140 d=1,1 -
) TUTLLN TuTLLN*LbAN(J) T e B T T T
TOTPPO=TOTPPD+PRINPD{ J)
140 CUNTINUE e )

INTOUET L) =( TOTLEN=TCTPEL)*INRATE’
PRINPD(I)=KEPAY(I)-INTOUE(])
 USCEBT(1)=GSOELT(I-I)FLCANIT)=PRINPLIT) ~ = — 7 7 s o o
CFLOW(I)=KEPAY(1)~LCAN(I)-INTUUE() ~
150 CONTINUE
"RETURN
BB e e o
FUNCTIUNLEINCR](S20sF P Iy J)
TTTTTTTDIWENSICN PI(2) T T T s s : T e
S2=ABS(PI{1)-PL(2))
S1=ABSTG=3]
IF(S «EQe 0) GG TG 4

IFPITZ B0 B0 0% ST o T o
Fl=(5z/SL)*ABS(u) L

60 TQ 5
4 Fl=.05%F -
5 GU TG (TyZ2),Jd
1 FINCR= F*Fl -
TUUTTeGUTYOS s o 0 T T - T ) o
2 FINCR=F=F1
TUTTIURETURRN T T T T e e e e - o Tt
END

/%
//LKECLSYSLMUD DU _DSN=UsP21l33.PRUGMLIBINEWVEK) yUNIT=0LS »
/7 SPACE=(TRK, 1105531 ¥y KLSE ), DI SP= (NEW, CATL G DELETET — — S
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